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es on Center-line Shrinkage In Steel Castings* 


By S. W. Brinson* anp J. A. Duma*, PortsmoutsH. Va. 


t Publi 


Abstract 


It has been found that the interior metal of steel cast- 
ings % to 4 in. thick—made of basic steel, molded in sand 
molds, and solidified under inadequate temperature gra- 
dient—is invariably weakened with macroscopic shrink- 
age voids oriented in the direction of hottest metal and 
arranged in a definite characteristic pattern. The defec- 
tive condition is referred to in the pages as center-line 
shrinkage. 

The influence of center-line shrinkage on mechanical 
properties is manifested in the fluctuation of the elonga- 
tion and reduction in area values, decreased longitudinal 
tensile strength, erratic notch sensitivity, and decreased 
specific gravity. The defect also makes thin castings 
hydraulically unsound, causing them to leak when sub- 
jected to high water, steam, or air pressure. 

The report shows how, by proper application of pad- 
ding, center-line shrinkage can be completely eliminated. 
The amount of padding required to do this is a function 
of the height and thickness of the section. For sections 
12 in. high the amount of padding required varies inverse- 
ly as the thickness, namely—from 2.60 in. per ft. on 1-in. 
thick sections to 0.15 in. per ft. for the 4-in. thick sections. 
Sections of the same height but thicker than 4% in. re- 
quire no padding. 

Regarding the influence of height, the amount of pad- 
ding required in inches per inch increases for specimens 
up to 12 in. high, the increase being of a lower order fo 
the heavier sections. And conversely, the amount of pad- 
ding in inches per inch needed for specimens higher o 
longer than 12 in. decreases with height, the decrease be- 
ing of a higher order for the thinner sections. Approxi- 
mately one half as much padding in inches per inch is 
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required for specimens 24 im. high as for the same speci- 
mens 12 in. high. 

It is also shown that the many secondary factors which 
are generally inclined to influence the character of feed- 
ing,—such as casting temperature, mode of crystalliza- 
tion, capillarity, gas evolution, metal pressure, rate of 
solidification, molding sands, risering, casting position, 
and composition of the metal—exert comparatively minor, 
and in some nstances, negligible effects on center-line 


sh) inkage . 


}’OREWORD 


1. A previous paper entitled ‘‘The Application of Controlled 
Directional Solidification to Large Steel Castings’’ was presented 
by the authors at the 1940 annual meeting of this association. This 
paper described the use of applying padding or wedging the east- 
ing to overcome center line shrinkage or as it has otherwise been 
called ‘‘midwall shrinkage.’’ 

2. Since presenting this paper the authors have been asked the 
question many times if there were any figures as to the correct 
amount of padding or wedging that should be applied. Our only 
answer to date has been that the Navy Department had authorized 
tests to be made at the Norfolk Navy Yard to try to determine the 
quantitative answer. A few steel foundrymen and others inter- 
ested in steel casting problems, who have visited our plant, after 
we had completed some of the tests, were shown the results as a 
matter of interest. 

3. The Navy Department, being one of the largest customers in 
the country for important steel castings, has authorized this test 
and a report on the findings at this meeting with the belief that 
this report would help steel foundrymen to better meet its rigid re- 
quirements and specifications; and that it will enable them to fur- 
nish better steel castings, which are so essential in all defense work. 

4. When the test had been authorized, the question naturally 
arose as to the best method of attacking the problem. The authors 
who have been the ones principally involved in developing and 
carrying the test through to the conelusion, decided on a plate 12 
in. high, 10 in. wide and 1 in. thick as the representative of basis; 
the average of steel castings made at the Norfolk Navy Yard. With 
this standard plate as a basis the first step was to cast several of 
these plates varying from a constant section to 4 in. of wedging. 


A plate with a specially designed curve wedge was also tried with 
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the idea of saving metal. We had previously heard a statement 
made by a steel foundryman that center-line or midwall shrinkage 
would oceur in sections cast vertically but not when cast horizon- 
tally, so we then went to a horizontal position in casting the plates 
and then integrated by casting them at an angle of 45 degrees. 

5. These tests were made under different mold and easting con 
ditions. The size of riser first adopted proved insufficient for 
some of the heaviest wedged castings, so the size of the riser was 
changed. All castings for the regular tests were gated at the joint 
in order to get the hottest metal in the riser, this being the most 
favorable condition. Tests were cast in both green and dry sands 
and also in a combination of the two to see if the shrinkage would 
be displaced from the center. In view of the fact that someone 
advanced a theory that the hotter the metal when poured, the lesser 
would be the midwall shrinkage, tests were poured at different tem- 
peratures, and fluidity spirals as developed at the Naval Research 
Laboratory were obtained. 

6. After making the plain plates in the positions referred to, 
we further integrated by making some in all positions joined to- 
gether in one casting, then as a hexagonal section and finally as a 
circular section. These were made both with and without wedging. 
Several plates were then made 18, 24 and 28 in. high to ascertain 
if a greater depth of the casting would change its center-line or 
midwall shrinkage characteristics. Toward the end of the test we 
cast several plates 4% in. and 14 in. in thickness in both green and 
dry sand to ascertain if the more rapid solidification of the metal 
would eliminate or otherwise affect midwall shrinkage. 

7. With this preliminary history and description of the tests 
we expect that foundrymen are now much interested in the results 
obtained. These results we, at least, think are a little on the 
startling side, showing as they do, what is to us clearly necessary 
to obtain important castings which are free of center-line shrink- 
age and which will give clear pictures on radiographic examina- 


tion. 


STATEMENT OF THE PROBLEM 


8. The problem is most simply stated as a study of the phenom- 
enon of center-line shrinkage, the problem’s primary concern be- 
ing the evolvement of fundamental principles wherewith quantita- 
tive calculations can be made of the amount of metal padding 
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needed for the complete elimination of center-line shrinkage from 


cast steel sections of varying thickness, varying height, and vary 


Ing 


position in the mold 


In more detail, the investigation resolves itself into the fol 


lowing elementary component tests: 


Primary Objects 


NeCt 


Test 1: To determine the degree of solidity obtainable in straight, 
unpadded, elementary sections of varying thickness; t.e., %, %4, 1, 
2, 3, and 4 in. thick, all 12 in. high and vertically cast. 

Test To evaluate the effect of height on the depth and extent 
of axial shrinkage in vertically cast, unpadded sections, all 1 in. 
thick but of varying height; i7.e., 4, 8, 12, 20, 24, and 28 in. high. 
Test 3: To determine the influence of position or angular repose 
in the mold of uniformly thick, unpadded sections on the extent and 
displacement of center-line shrinkage in castings 1 in. thick. 

Test 4: To find the amount of padding in inches per linear inch of 
section required to secure axial compactness in verticaily cast mem- 
bers, 1 in. thick and 12 in. high. 

Test 5: To check the efficacy of tests done in Test 4 on 1-inch sec- 
tions molded in the flat and 45 degree positions so as to discover 
the effect of section position on center-line shrinkage in padded 
designs. 

Test 6: To determine the influence of wall thickness and section 
height on the solidity of axial metal. Specifically, to find the 
amount of padding needed on sections %4, 1, 2, 3, and 4 in. thick, 
and 4, 8, 12, 16, 20, 24, and 28 in. high. 

Test ? To discover the most effective side (top or bottom) to 
pad flat-lying and inclined sections. 

Test § To discover the effect of metal fluidity (i.e., metal tem- 
perature) on the formation of center-line shrinkage. 

Test 9: To test sections containing center-line shrinkage for re- 
sistance to hydraulic pressure, and determine the effect of this 
shrinkage on the physical properties of the metal. 


yndary Objects 

Test 10: To determine the relative feeding efficiency of a specially 
designed wedge for overcoming center-line shrinkage and the rela- 
tive saving in weight effected over that of the regular wedge. 

Test 11: To compare the degree of X-ray soundness obtainable in 
unpadded 1-in. thick sections fed from an open riser with those fed 
from a blind riser pierced and fitted with an air-permeable, fire- 
cracker core. 


Test 12: To determine the influence of directional freezing on the 
center-line of a 1-in. thick plate vertically chill-cast against cam- 
bered cast iron wedges. 
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Test 13: To study the effect on center-line of mold preheat by 
casting a vertical plate, 1 in. thick, against heated metal mold walls 
(steel, 1 in. thick, by 10 in. wide, by 12 in. high), one on either side, 
and preheated to 650°F. 

Test 14: To determine the influence of differential chilling such 
as results from having two thermally different mold materials, one 
on either side of the casting, on the displacement of the hot metal 
line (green sand on one side and baked core sand on the other). 
Test 15: To discover if other metals, pure and alloyed (electrolytic 
ingot copper; primary, Grade A aluminum ingot; manganese bronze 
ingot), are subject to center-lining. 


KNOWN Facts CONCERNING THE PROBLEM 


10. The terms, ‘‘padding’’ and ‘‘center-line shrinkage’’, are 
not new either to foundry technologist or foundry practitioner. 
Their meaning and full import have been competently interpreted 
in recent foundry literature*'*. It is hoped that the following 
short review of their definition will not be construed as mere re 
traveling of well-beaten paths. 


Padding 

11. Padding is a tapered disposition of metal on the walls of 
castings, the taper increasing in the direction of feed heads. When 
correctly applied to thin steel members (14 to 4 in. thick), it is pro- 
ductive of uniformly dense and internally sound cross sections. 
The increasing volume of metal in the taper of wedged sections, 
together with the decreased surface area, cause solidification to 
proceed progressively through them, beginning at the far, narrow 
extremity and ending at the tapered opposite end. Discounting 
such mechanical pressure methods of feeding as jolting and cen- 
trifugal rotation, which are inapplicable to still foundry molding, 
progressive solidification alone can insure continuous pressure 
feeding of hot liquid steel into the filamentary crevices of nascent 
shrinkage areas which are wont to form in solidifying metal. Pro 
gressive solidification leaves the metal solidly compacted, its in- 
terior structure freed completely from all microshrinkage such as 
is known to occur in thin, unpadded sections, wherein fully effec- 
tive feeding is seldom realized due to the nullification of pressure 
action by the obstructing branches of bridging dendrites during 
the final stages of solidification. Vadding, in short, is a special! 
method for inducing progressive solidification. 


* Superior numbers refer to the bibliography appended to paper 
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Center Line Shi inkage 

12. Center-line shrinkage, midwail shrinkage, center-line weak- 
ness. hot metal line, center-line,—all one and the same phenomenon 

is a porous condition of metal consisting of a labyrinth of line 
cavities whose geometric character changes with viewing position 
In vertically cast specimens viewed edgewise, center-line weakness 
consists of a series of nested, coneave-sided macro voids whose ver- 
tices possess two unique characteristics: directionalism, and fixity 
of position. More explicitly, they always point away from, and 
not to, the feed heads; and, in vertically ¢ast sections, they all lie 
in a central plane situated between the outer and inner east sur- 
faces. Center-line shrinkage is a direct consecution of the liquid- 
to-solid metal contraction naturally inherent to solidifying metal 
systems. If the direction of this solidification is controlled, center 
line shrinkage can be prevented from forming. It will be remem 
bered that it is uniform solidification across a member that gen- 
erally induces center-line formation, whereas progressive solidifi- 
cation up the member suppresses its formation. 

13. Further inquiry into the architecture of center-line dis- 
covered the following facts: 
(a) Macrostructure: Plate 1 pictures the cross sections of three 
specimens macro-etched with 20 per cent ammonium persulphate 
solution. Selective attack of a reagent on steel, as is apparent in 
the photograph, is prima facie evidence of physical and chemical 
heterogeneity. Close inspection of the topography of the etched 
surfaces will discover two kinds of unsoundness responsible for 
the weakness of center metal: first, physical discontinuities in the 
form of vee markings locked in a matrix of ‘‘cokey’’ metal; and 


Table 1 


CHEMICAL COMPOSITION OF SOLID AND SHRINKAGE METAL 


Specimen* es ee | ee 
Numbe) Character of Metal C. Mn. P. S. Si. Ni. 
] Sound bottom metal 0.24 0.54 0.02 0.02 0.36 0.37 
Center-line metal 0.27 0.56 0.02 0.02 0.36 0.38 

2 Sound bottom metal 0.26 0.53 0.02 0.03 0.388 0.34 
Center-line metal 0.31 0.52 0.02 0.02 0.38 0.33 

3 Sound bottom metal 0.25 0.54 0.03 0.02 0.41 — 
Sound top center 0.24 0.54 0.02 0.01 0.04 — 


> 


* Specimen 1 taken from 1 in. thick casting; specimen 2 from 2 in.; and specimen 3 
from 3 in. thick castings 
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secondly, chemical segregation in the form of small but neverthe 
less unequal concentration of elements over the cross section. In 
Table 1 are given chemical analyses of three different specimens, 
each analyzed at two different locations. Note that the areas eon- 
taining center-line shrinkage are consistently higher in carbon 
The data are insufficient, however, to permit of formulating ae- 
curate generalizations regarding the chemical inhomogeneity of 
center-line metal. 


b Microstructure: Inspection of the architecture of center 





PLATE 1—MACRO-ETCHED APPEARANCE OF CENTER LINE SHRINKAGE. 
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PLATE 2—MIcRoscopic APPEARANCE OF CENTER-LINE SHRINKAGE—FiG. 1, CENTER-LINE 

SHRINKAGE IN 1-IN. THICK Cast Steet SecTION—UNETCHED x100—Fic. 2, STRUCTURE OF 

STEEL IN VICINITY OF SHRINKAGE AREA—ETCHED IN 3 Per CeNT NITAL. x100—Fic. 3, 

SAME AS Fic. 2. Deram or Structure oN Epce or SHRINKAGE Cavity—x500—Fic. 4, 
SAME AS Fic. 2. Cavity CONTAINING SLAG—x500. 
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PLATE 8—RADIOGRAPHIC APPEARANCE OF CENTER-LINE SHRINKAGE—FILM ON RicHT SHows 

Sioe, Cross SecTIONAL View or CENTER-LINE SHRINKAGE—FILM ON Lerr SHOWS FRONT, 

NORMAL VIEW oF CENTER-LINE SHRINKAGE—BoTtH ARE RADIOGRAPHIC VIEWS oF \%-IN. 

S.tice Cut From 1 1N. THICK STERL PLATZ. WHEN Viewed THROUGH LIGHTED GROUND 

GLASS THE CHARACTERISTIC STRUCTURE OF CENTER-LINE SHRINKAGE May Be CLEARLY 

Seen—(Lert) Sipe, Cross SecTIONAL View or CENTER-LINE SHRINKAGE. (RIGHT) FRONT, 
NorMAL View or CentTerR-LINe SHRINKAGE 
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line shrinkage under high magnifications (100 to 500 dia., Figs. 1 
to 4, inclusive, Plate 2) finds it to be essentially a network of voids 
lined with tiny beads of metal and projecting microscopic dendrites. 
Oceasionally remnants of slag are found entangled in the cavities. 
No evidence of gas pressure or its effects were found in the cavities 
examined. 

(ec) Radiographic Structure: Plate 3 is a_ three-dimensional 
shadow picture of the voids constituting center-line shrinkage. Two 
views, front and side, are shown. Attention is directed to the chev- 
ronwise configuration of shrinkage lines in the one; and the vein 
like pattern of vertical veinlets in the other. 

(d) Inspection For: Center-line shrinkage is not always visible 
to the naked eye. Mild and faint cases will escape detection unless 
special searching methods such as finish-grinding combined with 
light macroetching, or finish-grinding and X-raying are employed 
to make it apparent. 


GENERAL OBSERVATIONS 


14. The practice of padding castings for solidity has been put 
to intensive use not only by the Yard during the past several years 
but of late by other reputable steel foundries. Ever since the ad- 
vent in the steel foundry of gamma-ray inspection, some 10 years 
ago, and of late the more sensitive X-raying of castings, the use of 
padding is not only continually widening but is well-nigh com- 
pelling 

15. The line of central shrinkage drain evident in radiographs 
of thin, unpadded sections may be of a type which is not detri- 
mental in most practical applications. But castings intended for 
steam service and items affecting the safety or military effective- 
ness of war machinery, are required by radiographic acceptance 
criteria to be as completely solid as modern foundry technology 
can make them. Of the methods available to foundrymen for 
procuring this vital degree of selidity, namely : 

(1) Total reversal. 

(2) Banking or partial reversal, 20-45°. 

(3) Top-pouring of risers. 

(4) Heading. 

(5) Gating—parting, multiple, and step-wise. 
(6) Chilling, coring, design. 

(7) Mold materials of varying cooling capacity. 
(8) Padding—outside, inside, eccentric. 

(9) Sectioning or partitioning of castings. 
(10) Preheating the cope. 
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Padding is the most flexible and adaptable to all manner and size 
of eastings, insuring at all times—of itself and unaided—undis- 
turbed progressive solidification. It is amenable to simple ealeula 
tion, and is removable by comparatively inexpensive, simple and 
fairly fast methods (machining, chipping, flame gouging). 


16. To the best of our knowledge, those who use padding do so 
empirically. As with our foundry, so no doubt with others, the 
amount of padding generally applied is at first determined by tria! 
and error, later by judgment tempered with experience. The latter 
is not at all times infallible, for what often has proven adequate 
taper in one instance has proven wholly inadequate taper in many 
others. Unless all the variables governing the use of padding are 
evaluated quantitatively, either too much or too little taper will 
usually be allowed. To answer how much padding is needed to 
produce castings of high specific gravity throughout (7.83) and 
of high X-ray density (free from voids down to 0.005 in. in size) 
is, as already stated, the primary aim of this study. 


METHODS AND MATERIALS 
17. Steel: Center-line shrinkage studies were made on Class 
B steel, Navy Department Specification 4981. The steel was made 
in a 3-ton, basie-lined, Lectromelt are furnace, using the Yard’s 
regular standard two-slag practice as described elsewhere®. Sev 


Table 2 


REPRESENTATIVE ANALYSES OF STEEL USED IN THE TESTS 





Per Cent 





Heat No. C. Mn. P. S. Si. Ni. Cr. 
B-0-376 .22 53 .03 .02 40 27 04 
B-1-13 24 .57 01 .02 .39 21 .06 
B-1-520 .20 .58 .03 .02 BT 27 05 
B-1-730 29) 61 .03 .03 1 A2 19 
FeO in 
Spiral? Final 
Cu. Ti. Pouring’ Length Slag 
Temp.°F. in. per cent 
Ali 01 2860 22 0.4 
10 .02 2920 29 0.5 
.08 01 2950 36 0.6 
14 .03 2840 20 0.2 


1 Leeds & Northrup Optical Pyrometer. 
2 Test described in Naval Research Laboratory Report No. M-1731, 2 May, 1941. See 
Plate 31 for picture of mold. 
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eral heats were used to make the various castings, only part of the 
inetal going into experimental wedges, the greater remainder go 
ing into miscellaneous ship castings. The chemistry of a few rep- 


resentative heats is shown in Table 2. 


18. Other Metals: In making castings for Test 15, the follow- 
ing non-ferrous metals were used, each melted in new, pit-fired, 


No. 90 graphite erucibles 


Vetal Flux Deoxidizer Pouring 
Phos.-Copper Temperatur: 
oz. per 100 lb. °F. 
Electrolytic Coppe1 None 1 2050° 
Primary Aluminum None None 1225° 
Manganese Bronze None None 1850° 
Silicon Monel ‘ —- 2775° 
Gun Metal Charcoal ] 2060° 
Copper-Silicon Glass 1 2000° 


19. Molding: Steel specimens were molded in skin-dried, 
green sand molds; non-ferrous specimens, in green, Grade 00, Al- 
bany sand. Unless specifically stated otherwise, all metal was in- 
troduced into the mold by way of an L-shaped sprue-gate channel, 
approximately 2 in. in diameter, connected lipwise over the top 
width of one of the side edges. (See plates 17 to 22, inclusive.) In 
Test 14, a facing of green sand, 114 in. thick, was rammed against 
one face of the pattern and a baked core was set against the other 
face, the whole backed up with foundry heap sand. The composi- 
tion and physical properties of each respective sand are included 
in Table 3. 

20. Regarding the risering of the specimens, all risers were 
regular truncated polyhedrons (Plates 17-22, inclusive), poured 
6 in. high, and blanketed with a %4 in. thick covering of pipe elimi- 
nator immediately after filling of the mold. Since the eube of the 
minimum cross-sectional dimension of a riser governs the time of 
its solidification’, an effort was made to keep that dimension at 
least 114 times thicker than the casting,—so as to take the riser 
approximately 31% times as long to solidify as the casting. In all 
instances risers were placed directly atop the thick end of the 
wedge-shaped test piece. Any vitiating effect which might have 
been produced by variable ferrostatic pressure, or disproportionate 
temperature gradients, was thus eliminated from all tests. Further 


* CaCO CaF! Charcoal in ratio of 10:10:2 
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-ontrol over riser construction and riser design variables was ob 
tained by making nearly all of them weigh approximately 80-85 
per cent of the weight of the casting proper. Columns (q) and (r) 


r 


of Table 4 show that the volume to surface area ratio; i.e., V/SA, 
of every riser is approximately 1% times that of the V/SA ratio 
of the casting it served. The 6-in. height, the 80-85 per cent vol 
ume, and the 11% times greater V/SA values for subject risers were 
determined in preliminary experimental riser tests by sectioning 
risers of various heights and design. 

21. As for pouring, all steel molds were top-poured from a 
bottom-pour, 10 ton ladle fitted with a 2-inch pouring nozzle; non 


Table 3 
PROPERTIES OF MOLDING SANDS 


COMPOSITION 


Natural 
Clay Moisture 
A.F.A. Grain Mixture Linseed Per Per 
Sand Fineness No. Sand Bentonite Oil Cent Cent 
Cape Henry 51.72 500 lbs. 45 lbs. - 3.2 
Albany 202.70 sa -- 10.2 7.0 
New Jersey 60.80 120 qts. 2 ats. 5.5 


PHYSICAL PROPERTIES! 
Trans. Flex- Sinter 


Perm. Comp. Shear Tensile Shear ure Point 
Cape Henry? 295.0 37.5 9.2 ae as hiked 2120 
Albany 14.0 5.0 1.5 nag 5a aes 2250 
New Jersey! 170.0 455.0 ae 125.0 32.0 26.8 2200 
~~ Cape Henry — me BIDERY <mnmn, — New Jersey — 
Sieve No. Per Cent Sieve No. Per Cent Sieve No. Per Cent 
U.S. Std. Retained U.S. Std. Retained U.S. Std. Retained 
6 0.0 6 0.0 6 0.0 
12 0.0 12 0.2 12 0.0 
20 0.0 20 0.1 20 0.0 
30 1.8 30 0.05 30 Trace 
40 8.6 40 0.05 40 1.4 
50 27.8 50 0.2 50 13.8 
70 34.8 70 2.0 70 41.4 
100 23.0 100 2.5 100 33.4 
140 3.6 140 13.0 140 8.1 
200 0.4 200 12.4 200 1.8 
270 0.0 270 26.1 270 0.1 
Pan 0.0 Pan 33.2 Pan 0.0 
Grain 
Distribu- 
tion 2:3:3 8:3:0 2:3:2 


1 Tests made according to the Standards and Tentative Standards of AmgricaAN Foun- 
DRYMEN’S ASSOCIATION Committee on Molding Sand Research (1938). 

2 Dried for one hr. at 225°F. 

3 Green. 

1 Dried for one hr. at 450°F. 
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No 
(a) 


40 
41 
42 


44 


45 
46 


49 
50 


52 


4a 


4b 
id 
fe 


4g 
4} 


DIMENSIONS OF 
Caating 
Thickness 
Bottom Top Height W 
fe) (d) e) ( 
VERTICAL 
1 { 12 
1 i Sp 12 
1 1 19 
‘ ‘ 12 
. i 12 
l 12 
) 19 
{ { 12 
2-in. Round 12 
3-in. Round 12 
1 1 4 
l 1 4 
l 2 8 
3 16 
3% 16 
! l 20 
1 4 20 
2 3% 20 
414 >() 
l 1 24 
l 24 
1 { 24 
1 4%, 28 
SPECIMENS 
l 12 
| 1? 
l { 12 
l 4 Sp. 12 
1 5 12 
1 5U 12 
] 3 24 
2 4 12 
3 ; 12 
SPECIMENS 
1 1 12 
1 2 12 
1 3 12 
1 3U 12 
1 4 12 
l 6 12 
2 2 
3 5 12 
] 24 
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TEST SPECIMENS 


( 


IN 


Thickness 


idth Bottom Top 
f) (9g) (h) 
SPECIMENS 

10 1% 2% 
10 2% su, 
10 31 41 
10 4% 5% 
10 3% 4% 
10 5% 6% 
10 3% 4¥ 
10 5% 6} 
10 7} 81 
10 7/16 13/16 
19 % 156 
10 1% 2% 
19 21 31 
10 3% 4} 
10 5% 7 
10 3-in. Round 
10 4-in. Round 
10 1% 2% 
10 1% 2% 
10 2% 3% 
10 1% 2% 
10 3 4 
10 3 4 
10 310 4° 
10 5% 7 
10 2 21 
10 5% 6%, 
10 5% 61 
10 6 7 
10 21 31 
10 6 7 
10 6 7 
10 7i 1 
10 6 7 


INCLINED 


16 1% 
10 2% 
10 8h 
19 4% 
10 3% 
10 6% 
10 5% 
10 6 

10 5% 
10 7% 


45 


cot 


ame oa 
Rot ait it itd 


> 


a~ 


gl, 


CAST FLATWISE 


10 1% 
10 2% 
10 3% 
10 3% 
10 4% 
10 56% 
10 5% 
10 7 

10 6 


INCHES) 


Riser 


Width 
Bottom 


(j) 


Top 
(k) 


Height 
(i) 


AAD AAAHAAeM 


AAIAD > & 


o 


AAAAAAAARAAAAAGRMAAAH o 


6 


6 


A AAA AAD 


AAAMHRFAAH 








S. 


Casting 


c 


Volume 


u. mn. 


(m) 


120 
180 
240 
300 
219 
360 


240 


480 


120 
180 
240 


360 
480 
360 
480 


120 
180 
240 
240 
300 
360 
360 
480 
480 


We 
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Table 4 


DIMENSIONS OF TEST SPECIMENS (IN INCHES 


Surface Area 


Ratio of Volume 
To Surface Area 


Riser Casting Riser Casting Riser 
cu. in. sq. in. sq. in. cu. tn. cu. m 
per aq. in per sq. in. 
(mn) (o) (p) (q) (r) 
VERTICAL SPECIMENS 
105 274 144 0.44 0.73 
144 287 136 0.63 1.06 
192 300 148 0.80 1.30 
240 314 160 0.96 1.50 
192 303 148 0.72 1.30 
288 28 172 1.10 1.67 
192 300 148 0.80 1.30 
288 334 179 1.08 1.61 
384 368 211 1.30 1.81 
25 249 87 0.12 0.29 
50 257 94 0.23 0.53 
105 274 144 0.44 0.73 
144 308 136 0.78 1.06 
192 342 148 1.05 1.30 
375 376 195 1.28 1.92 
42 79 60 0.48 0.70 
75 120 81 0.71 0.91 
105 98 144 0.41 0.73 
105 99 144 0.51 0.73 
144 185 136 0.54 1.06 
105 186 144 0.43 0.73 
160 198 142 0.71 1.18 
168 298 142 0.91 1,18 
192 373 148 0.75 1.30 
375 458 195 1.18 1.92 
135 450 157 0.44 0.96 
288 510 180 0.99 1.60 
288 538 181 1.09 1.59 
390 575 228 1.26 1.71 
180 538 171 0.45 1.05 
390 588 228 0.82 1.71 
390 610 218 6.98 1.79 
384 731 212 1.10 1.81 
390 731 224 1.03 1.74 
SPECIMENS INCLINED 45 
105 274 144 0.44 0.73 
144 287 136 0.63 1.06 
192 300 148 0.80 1.30 
240 314 160 0.96 1.50 
192 303 148 0.72 1.30 
288 228 172 1.10 1.67 
288 328 172 1.10 1.67 
390 588 228 0.82 1.71 
288 334 179 1.08 1.61 
384 368 211 1.30 1.81 
SPECIMENS CAST FLATWISE 
105 274 144 0.44 0.73 
144 287 136 0.63 1.06 
192 300 148 0.80 1.30 
192 300 148 6.80 1.30 
240 314 160 1.96 1.50 
288 328 17 1.10 1.67 
288 334 179 1.08 1.61 
384 368 211 1.30 1.81 
390 588 228 0.82 1.71 


Weigh t 


of Riser 


Per Cent of 
Casting 


(a) 


80.0 
80.0 


80.0 


80.0 


80.0 


49.0 


51.8 
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V/A 
Gradient 
cu. ™m 
per 
aq. in. 
(t) 


None 
0.040 
0.077 


0.125 
0.154 


0.077 
0.076 
0.076 


None 
None 
None 
None 
None 
None 


None 
None 


None 
0.050 
0.056 
None 
0.0875 
0,076 
0.021 
None 
0.071 
0.046 
0.029 
None 
0.037 
0.059 
0.062 
0.025 


None 
0.040 
0.077 
0.125 
0.154 
0.154 
0.037 
0.076 
0.076 


None 
0.040 
0.077 
0.077 
0.125 
0.154 
0.076 
0.076 
0.037 
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ferrous molds were poured from a No. 90 crucible directly. 

22. Test Castings: Over 100 specimens were cast for the tests 
outlined above. Specimens found carrying critical amounts of either 
taper, height, or thickness—prodneing sudden and unexpected 
effects on center-line shrinkage—were remade two to three times to 
more accurately locate the point of critical transition. The number 
of specimens cast for each particular test is listed below. Table 4 
contains dimension data on the principal types of test castings 
made. The slab design and the 12-in. height were selected for the 
specimens used in the subject tests for two reasons: (1) suitability 
for X-raying on 10x12 film, and (2) the elimination from the 
investigation of conditions and variables giving rise to local stress 
raisers, hot spots, and consequent hot and cold tearing. The num- 


ber and kind of specimens made for each test were as follows: 


Test Specimens Figure Plate 
No. Made Numbers Numbers 
] 10 2a-2e inc., la 4, 6 
2 6 3c-8f inc., 3h, la 5, 6 
3 4 4a, 5a ae 
3 2 — 13, 14 
j 8 1b-1f ine. 6 
5 6 4b-4f inc., 4h 7 
5 6 5b-5e ine., 5e-5h inc. 8 
5 2 — 15, 16 
6 8 3i-3k ine., 3m-3q ine. 9 
6 10 6a-6h inc., 6j 10, 11 
7 2 4g-5d (2 
8 4 la 6 
9 18 la-lf, 2a-2d, 4a-4f 4, 6, 7 
9 { 5a-5d, inc. 8 
10 3 lf, 4f, also flatwise 6, 7 
1] 4 la 6, 40 
12 2 la 6 
13 ] la 6 
14 3 la 6, 13, 14 
15 6 la 6 

10 Miscellaneous — 


Tests AND MetuHops or Test 
23. Since no physical method exists which can accurately meas- 
ure and simultaneously distinguish all the void space due to axial 
shrinkage only, its extent is usually deduced indirectly by one of 
two standard test methods; either (1) specific gravity tests which, 
as is known, do not differentiate between dirt trappings, vacancy 
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due to gas, and vacancy due to shrinkage, or (2) X-ray photog 
raphy. Both methods of testing were used in the present studies 
In the opinion of the Yard, the X-ray method is the more reliable, 
more sensitive, expeditious, and discriminating for searching out 
center-line than the specific gravity method 


X-Ray Tests 
24. X-ray examination for center-line was performed on 1-in 
thick strips, cut longitudinally from two predetermined locations 
Plate 23) in each test casting. Unless otherwise expressly stated, 
all radiographs included in this report were taken on the strip cut 


from midway between center and gated side. To sharpen the 
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PLATE 4—DIMENSIONS oF Test SPECIMENS CAST VBRTICALLY. 
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shadow image all interfering surface tool marks were ground 
smooth. Penetrameters show that a 1 per cent sensitivity was ob 
tained in the tests,—signifying that voids as small as 0.005 in. in 
size should be discernible to the eye. Closer examination of the 
radiographs will find registered in the emulsion even the image of 
the cloth case in which the penetrameters were contained. 
























































25. X-raying was done using a 220 KVA machine operated 
thusly 
Metal Thickness ec % inch 
Target Distance .. 86 inches 
| Eee ae ee ? .005 inch thick 
lead sheet 
RMewent PWBK 2. 6oscescvecsesecse 208 
Milliampere-seconds ............ 740 
Milliamperes ... Pete ath 10 
Exposure Time ated @ mates 1 min. 14 sec. 
Film ... inal citen ees g war a Eastman 
Industrial No-Screen 
— 
— Vg 
// 
- 
« 
N 
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~~! i‘ N 
“TZ S | | 
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is dl / | 
/)F on | 
jf. | 
“/ | 
| / LVI LU A 
| | | 
olple o 2 ee © 7s Se | 
FIG ; 3d 3e 3f Sh 


PLATE 5—DIMENSIONS oF Test SPECIMENS CAST VBRTICALLY. 
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To check the adequacy of the technique, penetrameters (0.005 in. 
(0.010 in.—0.020 in.—90.030 in.—0.040 in.) were placed on the side of 
the metal surface toward the radiation. Specimens under 1 in. thick 
were immersed in copper shot to prevent blurring of the edges 
Films were developed for 10 min. at 65°F. in a standard X-ray 
developing solution containing 20 milligrams potassium iodide per 
liter. Using the above procedure, densitometer readings on image 


areas gave Hurter and Driffield values of 0.90 to 1.10. 
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PLATE 6—DIMENSIONS OF Test SPECIMENS CAST VERTICALLY 
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Specific Gravity Tests 

26. The extent of center-line shrinkage as determined with 
specific gravity tests was studied under three different aspects 
corresponding to three dimensional scales. The first set of specific 
vravity readings is based on the dimensional scale of the test cast 
ing itself, giving the average specific gravity of the entire casting. 
padding included, in the as-cast, shot-blasted condition ; the second 
set of readings, based on a smaller dimensional seale, records the 
specifie gravity values of finish-machined slabs, padding removed, 
thus simulating actual, ready-for-service castings (Plate 32); the 


third set of values indexes the solidity of small cylinders, 5 inch 


/ / Pa 
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PLATE 7—DIMENSIONS oF Test SpecimENS CAST aT ANGLE AS SHOWN. 
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in diameter by 2 in. long (Plate 33), cut from selected positions in 
the easting (Plates 24 and 25 

27. In this report specific gravity is defined as the ratio of the 
mass of a body to the mass of an equal volume of water at 4°C. The 
weight in air and in water of specimens in the first and second 
dimensional classes was determined to an accuracy of 1 part in 
3200,—scale readable to 4 oz.; specimens in the third dimensional 
class were weighed to an accuracy of plus or minus 0.002 per cent ; 
i.e., with an error of 1 part in 70,000 (balance sensitivity = 0.001 
eram). Volume, in all instances, was determined by the water im 
mersion method, distilled water in the ease of Class 3 specimens, 
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PLATE 8—DIMENSIONS oF Test SPECIMENS CAST FLATWISE. 
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and tap water in the case of Class 1 and Class 2 specimens. Clean- 
ing of specimens prior to immersion was done with trichlorethy- 
lene, alcohol, and ether. To insure penetration of water into the 
tiny irregularities in the metal surface, the surface tension of wa- 

of sorbitol laurate wet- 


ter was broken with a trace (0.1 per cent 


ting reagent 


T nsile and Im wict T' sts 
i 
The extent of damage inflicted by center line on physical 
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properties was diagnosed with impact and tensile tests. Tensile 
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PLATE 9—DIMENSIONS OF 
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specimens were standard 0.505 in. dia. by 2 in. gage Jength (Type 
1, Appendix II Metals, Part A, of General Specifications for In 
spection of Material) ; impact specimens were .394 inch square, vee- 
notched, Izod type (Fig. 8A of the aforementioned specifications 
Data OBTAINED AND Discussion orf RESULTS 
The influence of section thickness on the forma 


29. Test 1: 
tion ot center-line is pictured both graphically and radiographically 


inclusive, respectively. They 


in Plate 26 and Radiographs 1 to 4* 
a / J 
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PLATE 10—DIMENSIONS oF Test SPECIMENS CAST VERTICALLY. 
727 to 7658. 


* Radiographs referred to in the text are reproduced on pages 
All radiographs included in this paper were made by X-rays except Radiograph 11, 
which as the authors explain in paragraph 36 was inserted as a comparison. The au- 
thors prefer to use term “Exograph” for radiographs by the X-ray method but to com- 
form to the general practice the term radiograph was adopted by the editors for this 


preprint. 
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HO 


clearly show that center-line shrinkage in its most pernicious form 
is severely evident in the 14, 1%, 1, and 2 in. sections; faintly, in 
the upper half of 3 in. sections; and ever so faintly, in fact searce- 
lv at all, in the topmost metal of 4 in. sections. This progressive 
elimination of center-line shrinkage in sections of increasing thick 
ness is believed to be due to the correspondingly stronger end and 
side effects which ultimately suppress all tendency within the 
metal toward bridging crystallization. The choking effect of bridg- 
ing dendrites is ever manifest in 14- to 4-inch thick sections. In 
these section sizes the nondirectional chilling of the metal by the 
mold side walls is favorable to their formation. Bridging crystal 
lization is to a large extent responsible for the improper feeding of 


midwall metal. 
is believed that with slight modification, the data of 


30 It 
Plate 26 are applicable to round sections as well. According to 
French’, ‘‘for equal cooling velocity the ratio of the diameter of 


spheres to the diameter of rounds and the thickness of plates is as 
provided the length of the cylinder is at least four times its 
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diameter and the length and width are each four times the thick- 
ness of the plate.’’ Guided by the above, three cylinders, 2, 3, and 
} in. round by 12 in. long, were cast and tested for soundness of 
center metal. As forecast by the foregoing principle, all three 
specimens contained axial shrinkage. Two of the specimens are 
shown in Radiograph 5. The equivalent of a 4-in. plate in freez 
ing, if the principle is extendable to solidification phenomena, 
should be a 6-in. diameter cvlinder. No. 6-in. diameter eylinder 
was made to further verify this ratio. 

31. Several pertinent observations concerning the first four 


Radiographs merit noting : 


(a) Sections 4 in. thick and 12 in. high, due to the combined 
action of strong end and side effects, acquire upon freezing tem- 
perature gradients which zre sufficiently steep to insure progres- 
sive solidification of metal and the attendant elimination of internal 
unsoundness. 

(b) Due to strong end and side effects, the line of shrinkage 
drain is elevated progressively in sections of increasing thickness, 
the amount of elevation being equal to approximately two times the 
section thickness. 








PLATE 12—DIMENSIONS oF TeST SPECIMENS CAST VERTICALLY 
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PLATE 14—SKETCH OF CYLINDER CASTING 
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PLATES 17-20—SpeciMen CASTINGS SHOWING GATES AND RISERS. 
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(c) The action of end effect is primarily responsible for the 
solidity of short chunky sections. The action seemingly fades out 
at ratios of length to width to thickness of 8:8:1 in steel cast- 
ings. 





(d) Sections 1 in. thick are most susceptible to center-lining 
with respect to extent and severity. In %-in. sections, center-line 
shrinkage is more restrictive, being confined to the central axis 
with little lateral spread. 

(e) Different but nondirectional rates of freezing exert very 
little effect on center line formation in sections of constant thick- 
ness, neither tending to suppress it in thin, rapidly solidifying cast- 
ings, nor aggravating it in heavy, slowly solidifying pieces. 


32. Test 2: All other things remaining equal, the influence of 
height on unpadded sections, 1 in. thick and having an initial 
height of 8 in., is negligible on the suppression of center-line shrink 
age. In short, there is apparent a marked tendeney toward sup 
pression of center-line formation in specimens only in which end 
effect (bottom chilling and top heading) is strongly assertive. All 
this is evident in the graph of Plate 27, construction of which is 
based on data contained in Radiograph 6. 





PLATE 21—PATTERNS OF RISERS. 





PLaAte 22—PATTERNS FOR 3-PoOSITION WEDGE CASTINGS. 
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33. Test 3: Radiograph 7 pictures center-line shrinkage in 
uniformly thick sections molded at various inclinations in the mold. 
It should be noted how the vertices of the shrinkage chevrons tend 
to plumb perpendicularly downward. In the vertical specimen the 
vees are erect, their points coincident with the central axis; in the 
15° specimen there is a slight lift displacement of the shrinkage 
toward the top face. Note also how the top branches of some of the 
vees terminate in gas pockets in the cope subsurface. This crowd- 
ing of the shrinkage toward the top occurs in more accentuated 
form in the flat specimen. Lifting of the center-lme closer to the 
cope surface is probably due to the heating of the cope by radiant 
heat of rising metal and the latent heat of entrapped mold gases 
The resulting slow freezing of the cope metal favors the localiza- 
tion of gas and shrinkage defects in that area. 


34. There is gleaned one important generalization from the 
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PLaATe 28—SkeTcH SHowrinc LocaTION or X-Ray SPECIMENS. 
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(C)—STT—Sp. G. Top Tapered Side (L)—SCW—Sp. G. Center Width. 
(D)—-TWTS—tTensile Top Width Straight (M)—TWC—tTensile Width Center. 
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(E)—TWtTC—tTensile Top Width Center. (O0)—SWB—Sp. G. Width Bottom. 
(F)—TWTT—tTensile Top Width Tapered (P)—ISA—Impact Specimen Across. 
Side. (Q)—ISL—Impact Specimen Lengthwise 
(H)—ISS—Impact Specimen Straight Side. (R)—ISL—Impact Specimen Lengthwise 
(1) —ISC—Impact Specimen Center. Center 
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test, namely: position in the mold alters the geometry of, but does 


not eliminate interior unsoundness 


35. Test 4: Application of taper in increments of 1 in. per 
ft. to castings 1 in. thick by 12 in. high progressively decreases the 
amount of internal shrinkage to the point of complete elimination 
when taper-padded with 2% to 3 in. of metal per ft. Careful exami- 


nation of the film in Radiographs 8, 9 and 10 will detect: 


(a) Distinct macro-shrinkage in the 1-in. tapered specimen. 

(b) Perceptible micro-shrinkage midway between center and 
top in the 2-in. tapered specimen. 

(c) No shrinkage in the 3-in. tapered specimen, top-poured 
or bottom-poured. 


36. It is pointed out that the condition found in the 2-in. 
tapered specimen is not ordinarily discernible in ‘‘oammagraphs’’ 
though they be taken with the best possible radiographic tech- 
nique. Routine gamma-ray inspection, being non-destructive, uses 
an entirely different set-up procedure. Exposures for castings in 
the foundry must need be computed for a 1 in. thickness of metal 
and not a 4 in. thick cross section. Besides, for the same thickness 
of metal (see Plate 3), face views picture a differently appear- 
ing center line, one consisting of a vein-like network of micro-fis- 
sures always headed in the direction of the nearest feed head. Face 

iews of 1 in. thickness of metal not only show still less image de- 
tail but miss altogether recording the finer porosity. Then, too, 
it must be remembered that the sensitivity of radium, or its abil- 
ity to pick up fine discontinuities,—though approximately equal 
to that of X-rays on 4 in. sections-—is considerably less than that 
of X-rays on \% in. sections. Radiograph 11 is illustrative of the 
decreased sensitivity of the gamma-ray technique. So, it is small 
wonder that shop procedure with its radium, its face views, its 
thick sections, fails to pick up mild, if not average cases, of center 


line shrinkage. 


37. Although 2 in. of padding may make the metal sufficiently 
dense for some applications, maximum density of metal will not be 
realized unless 214 to 3 in. be used, preferably 2% in. for top-gated 


castings and 3 in. for bottom-gated castings. It is indicated in the 
eraph of Plate 28 that to make uniformly solid sections 1 in. 
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thick by 12 in. high, 2, to 3 in. of taper per It, should be used 
rather than 2 in.,—for a casting having that taper will more than 
likely be inherently unsound. Where there is any question about 
the amount of taper necessary for complete solidity, a slight excess 
rather than a deficiency or a critical quantity should be used. A 
slight excess of metal will insure soundness in sections whose face 
contour is locally distorted with accidental bulging or washing of 
mold walls. Castings carrying critical amounts of taper will gen 
erally be sound internally, provided their original contour suf 
fers no change by a localized breakdown of mold. For example, the 
section pictured in Radiograph 21 contains center-line in the bulges 
or hot spot areas—places at which the over-all temperature gra- 
dient was locally reduced, probably to negation,—thus creating 
shrinkage. The same section minus the ovoid swellings would 
ordinarily be solid throughout. 

38. Test 5: Tests on padded sections variously positioned in 
the mold confirm results of Test 4 performed on unpadded sec- 
tions. Approximately the same quantity of center-line shrinkage 
was found in the flat and 45°, 1-in. tapered specimens, as in ver 
tically cast ones. Radiograph 12 shows two 2-in. tapered speci- 
mens, one cast flatwise (F), and the other cast at an angle of 45 
degrees (45°). Note that the degree of internal soundness equals 
that of the vertically cast 2-in. tapered specimen of Radiograph 9 

39. To determine more completely the effect of angularity 
of seetion on center-line, hexagonal and circular cylinder castings, 
padded and unpadded, Plate 13 to 16, inclusive, were cast in the 
flat position. Unlike conventionally made specimens they were 
top-gated for procurement of advantageous temperature gradients. 
The effect of every degree of inclination is manifest in Radiographs 
13 to 16, inelusive. Attention is directed to the compactness of 
metal in the padded designs, and the unsoundness in the unpadded 
designs. 

40. Test 6: Since the data of Test 1 revealed a fading out of 
center-line as section thickness increased, it seemed logical to infer 
that the amount of taper needed to make sound castings of the 
heavier sections should likewise correspondingly decrease. It was 
also believed that taper should decrease with height, for the ap- 
plication of tapers found suitable on 12-in. heights to sections of 
greater height made those tapers appear disproportionately over- 
size. To test these beliefs specimens 24 inches high were cast, using 


reduced amounts of padding and these were made sound with one- 
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half the padding in inches per inch used on the 12-in. high speci 
mens. The tests were continued until several specimens of each 
thickness,—namely, 4%, 1, 2, 3, and 4 in..—were east 4, 8, 16, 20, 
24, and 28 in. high padded with tapers of irreducibly minimum 
size but still adequate to produce sound metal. Foregoing mini- 
mum sizes had been previously determined in part by trial and 
error on actual production castings. 


$1. The sketches in Plate 29, by the horizontal distance separat- 
ing the vertical side lines at any given height and for any given 
thickness of section, indicate the taper needed in inches to free that 
section from center-line unsoundness. Plate 30 contains the same 
information except that the required taper is expressed in inches 
per linear inch of section. In connection with the foregoing graphs 
one is reminded that the test results are, like those of other mate- 
rials, liable to a certain amount of scatter due to the chance com 
bination of minor variables which are difficult to control in produe- 
tion. The broken lines of Plates 26 and 28 show the extent of this 
scatter; namely, plus or minus 5 per cent. Some of the important 
wedge castings used in constructing the graphs of Plates 29 and 
30 are pictured radiographically in Radiographs 17 to 24, inelnu- 


sive. 


42. Surprising to note is the fact that the 12- to 14-in. heights 
require more padding in inches per inch than either the lower or 
higher specimens. The probable explanation for this may be that 
for specimens under 12 in., strong end and side effects aid taper 
in the establishment of the desired temperature gradient and with 
it the consequent prevention of bridging; that for specimens over 
12 in., inereased ferrostatic head breaks through bridging erystal- 
lization and thus helps compact the metal. In addition, self mold 
preheating by inflowing metal and by radiant heat of rising metal 
may also be a contributory cause. 

$3. <A feature of particular interest is that the volume per unit 
of surface area per linear inch of either height or length is defi- 
nitely related to the integrity of the metal after solidification. The 


V/SA/Inch gradient (Column ‘‘t’’, Table 4) required to make 
solid sections is not a fixed, constant value but a fluctuating one 
varying with section height and section thickness. A family of 
straight parallel lines. one for each thickness of metal, can be ob- 
tained if height be plotted against the V/SA/Inch gradient on 
rectangular coordinates. Because of its limited practical worth, no 
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PLATE »—Cast STEEL PLATE SPECIMENS MILL-MACHINED ON ALL FACES AND EDGEs. 





PLATE 33—Speciric Gravity SPECIMENS. 
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attempt has been made to include it among the graphs. The rela 
tion is noted as a matter of purely academic interest. 

44. From Tests 4 and 6 it is thus learned that a definite dif- 
ference in heat content between every successive point on a line 
from the far to the near end of the casting is essential for the 
making of solid metal. It is further learned from Test 6 that the 
value of this heat differential is a variable quantity, changing with 
section thickness and section height. By way of illustration, the 
value of this heat differential for a pure iron plate, 1 in. thick x 
12 in. high wedged with 2% in. of metal per ft. and cast at 2800°F., 
is approximately as given below. Note the steepness of the heat 
eradient. 


BTUs in Each* Inch of Taper 


Across 1 in. Across 10 in. 
of width of width 
Bottom Inch 15.3 153 
2nd inch 47.5 475 
3rd _ inch 79.7 797 
{th inch 111.9 1119 
oth ineh 144.1 1441 
6th inch 176.3 1763 
7th ineh 208.5 29085 
Sth inch 240.7 2407 
%th inch 272.9 2729 
10th ineh 305.1 3051 
11th ineh 340.4 3404 
12th Top Inch 369.5 3695 


5. Test 7: In Test 5 of this study it was discovered that sound- 
ness of metal is obtained in wedged castings irrespective of the posi- 
tion occupied by them in the mold. Therefore, it matters little 
whether padding is applied to the top side or to the bottom side so 
long as a sufficiency of padding is used. By padding the top side 
however, the vertical component of gravity will be greater which 
in turn should react favorably on feeding; then, too, top padding, 
particularly with reference to inclined specimens, will weigh less 
than bottom padding. For it is a fact of elementary geometry 


* A.S.M. Handbook, 1936 Edition. Calculations are based on a value of 540 B.T.U.s per 


pound for iron at 2800°F., 
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that a right angle pad placed atop an inclined specimen has a short- 
er hypotenuse than the same pad placed on the under side. When- 
ever it 1s possible to pad on the top face. it is therefore advan- 
tageous to do so. 

+6 Test 8: One 1 ton heat of steel was dedicatorily consigned 
to the study of temperature effects on center-line formation. The 
heat was tapped at 3200°F. and poured alternately into fluidity 
spirals patterned after the Naval Research Laboratory large fluid- 
ity test piece (7, Plate 31) and into 1-inch thick X-ray test pieces 
similar to that of Fig. la, Plate 6, with 2 fluidity spiral channels 
attached, one to the top and the other to the bottom of the test 
piece 


17 Table 5 attests to the fact that the influence of fluidity on 
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enter-line formation is inappreciably small, at best, difficult of 
precise determination with the methods used herein and within the 
temperature range studied. Radiograph 25 shows the extent of cen 
ter-line shrinkage obtained at the various temperatures 

48. Test 9: Machined specimens such as those shown in Plate 
2 were tested hydrostatically for strength and porosity at 10,000 
lb. per sq. in. pressure. Leaks developed in all 1 inch thick, un 
padded specimens. Those cast vertically leaked the least ; inclined 
specimens, slightly more; flat specimens, the worst. Pads of 1 in 
per foot, when machined off, also resulted in leaky castings. No 
leaks were manifest in the remainder of the specimens. 

49. Supplementing the X-ray density studies of cast steel are 
the specific gravity tests. As has already been stated, three dis 


tinetly different kinds of test specimens were employed : 


(1) Foundry-cleaned, as-cast, taper-included specimens (Plates 
17 to 20, inclusive). 

(2) Same specimens with taper cut away and milled (Plate 32). 

(3) Lathe-turned, micrometer-sized, 0.625 in. dia. specimens by 
2.000 inches long (Plate 33). 


50. The graph of Plate 34 shows the variations in specific 
gravity of whole, as-cast wedges molded in the flat, 45°, and ver 
tical positions. Specific gravity, it will be remembered, was com- 
puted as the ratio of the mass of the body to the mass of an equal 
volume of water at 4°C. Note the consistently high values and the 
tendency toward leveling off when tapers of 3 in. per ft. and over 
are used. The graphs corroborate with remarkable nicety all X-ray 
findings as to the influence of taper and position in the mold on 


the soundness of cast steel. 


51. Slightly lower specific gravity values were obtained on the 


Table 5 
TEMPERATURE EFFECTS ON CENTER-LINE SHRINKAGE 
IN Cast SPECIMENS 1 in. THICK By 10 IN. WIDE By 12 IN. Hier 


Length of Length of Length of Optical 
Specimen Center-line Individual Attached Pyrometer 
Number in Test Spiral Spiral Temperature 
In Order Piece Channel Channel Reading 
of Pouring In. In. In. F. 
] Qo 37% 29% 3130 
2 9% 28% 25 2990 
3 10 19% 20% 2850 
4 8 14 15% 2780 
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same specimens after they had been machined as is apparent in the 
curves of Plate 35. This slight but general drop in specifie gravity 
is probably due, among other causes, to: (1) loss of chill consisting 
of tightly packed, fine chill crystals; and (2) increased error ratio 
obtained from weighing lighter specimens. 

52 Of the two, the first has the less effect. For the 5g in. 
diameter specimens, specially those taken from deep within the 
castings, serve to substantiate the fact that central metal can also 
be of the same high order of density as surface metal. The removal 
of chill metal may or may not reduce the overall specific gravity 
of the remaining metal. In actual practice it is seldom that more 
than 50 per cent of the original chill metal is removed. In applying 
padding the following axiom is rigidly adhered to: Pad one side 
only, the side easiest to get at, preferably the side which is to be 


machined 


53. The specific gravity values for small specimens, 5% in. 
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SPECIFIC GRAVITY MEASUREMENTS 


MACHINED SPECEMENS—)/8 1n. Dia. By ‘ 


n 
3s 


Number! 


> 


1 ST 
1 SC 
1 SB 
2 ST 
2 SC 
2 SB 
3 STT 
3 STC 
3 SC 
3 SB 
4 STC 
4 STT 
4 SC 
4 SB 
5 STC 
5 SC 


5 SB 
6 STC 
6 STS 
6 STT 
6 SC 
6 SB 
8 STC 
8 SC 
8 SB 
9 STC 
9 STS 
9 SC 
9 SB 
30 ST 
30 SC 
30 SB 
31 ST 
31 SC 
1 SB 
35 ST 
5 SC 
35 SB 
36 ST 
36 SC 
36 SB 
37 STC 


1 The number identifies the test piece according to Table 4; the letters, according 
Plates 24 and 26. 
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45 
45 
45 
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SB 
STC 
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round by 2 in. long, taken from pre-selected areas in the test cast 
ing—top, center, bottom (see Plates 24 and 25)—are shown plotted 
and tabulated in the graphs of Plates 36, 37, 38, and Table 6 respec- 
tively. Commenting briefly on these results, it is seen that the 
bottom areas are consistently the densest in all specimens and in all 
positions. Top and center areas are approximately of equivalent 
density in all sections padded with 2-inches and more of taper per 
foot. Vertically cast sections appear to have a slightly denser metal 
structure than either flat or inclined sections. Unpadded mate- 
rial, it will be noted, is of erratic as well as of low density. 

54. Plate 39 presents information on the relative effect of mass 
or section thickness on the density of steel. Applying the same 
taper; namely, two in. per ft., to sections 1, 2, and 3 in. thick, pro- 
duces little, if any, change in the density or specific gravity of the 
material. Here again the vertical specimens show the highest 
values; the inclined specimens, the greatest scatter; the flat speci- 
mens, values intermediate between those of vertical and inclined 
specimens with respect to both scatter and range of value. 

55. When present in severe form as in 1-in. sections center-line 
exerts a most damaging effect on mechanical properties. The ex- 
tent of damage dealt the metal becomes apparent on comparing the 
properties of test specimens on the same metal in the sound and 
unsound condition: 7.e., bottom and top metal, Table 7. When 
tested in the direction of the width of the plate, center-line affects 
principally the elongation and reduction in area values; when 
tested in the direction of the long axis or the length, its damaging 





influence was evinced with most telling forece—reducing strength 
and ductility by approximately 20 and 50 per cent, respectively. 
Properly padded specimens (3 in. per ft.) show not only greatly 
improved tensile properties, but properties fairly uniform in all 
directions. In all instances the outside skin metal to a depth of ap- 
proximately °g in. tested consistently higher in elongation and 
reduction in area than the center metal. The center metal of fairly 
heavy sections (5 in. thick) is comparatively free from diree- 
tional properties. 

56. Regarding the influence of center-line shrinkage on notch 
sensitivity, Table 7 shows comparatively lower notch bar values 
for center-lined specimens than for sound, solid specimens. To 
discover notch sensitive directions due to possible unidirectional 
grain orientation effects, impact specimens were severally notched 


on each of their four faces. No consistent, nor significantly large 
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differences in notch sensitivity due to any latent disposition in 
the steel to crystallize in certain fixed positions were found either 


in padded or unpadded sections. 

57. Test 10: The geometry of pad design is not limited to 
straight line tapers. There are many other equally effective kinds 
of taper: curvilinear, broken rectilinear, or combination of both, 
which can obtain as high a degree of metal integrity as regular 
tapers. One such pad is shown in Figure If, Plate 6, and Radiograph 
20. This design is equivalent in effect to the 3-in. taper per ft., 
27-30 per cent as much as the 3 in. per ft. 


yet it weighs only 27- 
taper. The advantage of decreased weight, however, is offset by 
other economic considerations. 

58. Test 11: Four steel plates, dimensioned after Fig. la, Plate 
6, that is, 1 in. thick x 10 in. wide x 12 in. high, were east and 
fed from two blind risers, one on either side, made according to the 
Dodge method’. Plate 40 pictures a casting with risers, necks, 
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and ingate attached; Plate 41 is a photograph of blind risers cut 
in two. It will be observed that the minimum ratio of 1:2:3 of 
thickness of casting to neck to riser was adequately maintained. 





o9. The volume to area relationship of the blind and open 


risers used for feeding above castings are given below: 


V/SA Weight- 

Volume cu. in./— per cent 

Kind of Rise) cu. in Area sq. in. per sq. in. of casting 
Open 105.0 144 73 87.5 
Blind, single 87.5 110 80 73.6 
Blind, double 175.0 220 .80 146.0 


Krom the standpoint of volume as well as V/SA ratio; namely, 
quantity of metal and heat storage capacity, respectively, the two 
blind risers have a decided advantage over the open riser. Yet 
they do not produce a denser casting. X-ray examination of rep- 
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resentative 14 in. thick strips of steel eut from test castings risered 
both ways discloses very little difference with respect to the capabil 
ity or superiority of one method over the other. Testifying to this 
fact is Radiograph 26 which shows the kind of center-line that. is 
obtained in blind-risered specimens. The shrinkage chevrons, it 
will be noted, have merely been inverted and not eliminated or 
significantly diminished. 

60. Comparing the relative feeding efficiency of open and blind 
steel risers, it has been found that for the same volume of metal 
and same favoring conditions of temperature gradient, open risers 
feed as effectively if not more so than blind risers. Due to the 
advantage of elevated position, open risers are aided in the per- 
formance of their function not only by atmospheric pressure but 
by gravity as well,—a foree which blind risers generally must 
work against. 

G1. Test 12: Tapered external metal chills constitute in them- 
selves an excellent means for directing solidification progressively 
toward feed heads. The sandwiching of molten metal between 
tapered cast iron wedges is generally productive of sound metal. 
Steel sections of 1 in. thickness were made solid using tapered 
east iron wedges, 4 in. thick by 10 in. high, poured from a bot- 
tom-pour 10 ton ladle fitted with a two inch pouring nozzle. Rate 
of pour and the size of external chills required to make solid sec 





PLATE 40—GuUN MetTAL CASTINGS VARIOUSLY RISERED. 





PLATE 4!-—BLInp Risers Cut In Two. 
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tions are obviously related to one another. No tests were made to 
determine the nature of this relation. A section of such a chill-cast 
steel plate is radiographically featured in Radiograph 27. No visible 
defects are evident in the film. 

62. Test 13: A mold whose internal cavity was maintained at 
650°F. for 24 hrs..—up to the instant of pouring—by means of 
electric strip heaters produced a casting containing numerous gas 
chambered, lateral type defects extending from center to outside 
face and vice versa. Though some center-line shrinkage is appar- 
ent, for the most part the defective condition is of entirely differ 
ent character. The same defect is known to occur on the cope sur- 
face in regions of extra mass: immediately under risers, heavy 
bosses, heavy flat padding—regions exposed to the action of extra 
heat. The character of the defect is shown in Radiograph 27. 

63. Test 14: Inasmuch as different sand mixes possess differ- 
ent heat transference rates’, it was believed that the differential 
chilling action resulting from the use of two thermally different 
mold materials would displace the line of central shrinkage toward 
the sand having the lower heat diffusivity coefficient. According 
ly, several 1 in. thick plate specimens were cast in molds faced with 
a 2 in. layer of green Cape Henry sand on one side and with an 
equal thickness of baked core sand (New Jersey silica sand) on 
the other. X-ray examination of the specimens discovered no de- 
tectable displacement of the center-line in either direction. Ob- 
viously, the rate of heat transference of the two sands was not suf- 
ficient to effect movement of the heat axis. If the thickness or 
composition of the facing layer is changed, the cooling effect also 
will change. According to Chvorinov” , such a facing need not 


Table 8 


MISCELLANEOUS CastTiINGs TESTED FOR CENTER-LINE SHRINKAGE 


Navy 

Depart- Heat of 

ment Grade _ Solidifica- Fusion Freezing 

N. D. or tion Range Kg-c Shrinkage 

Metal Spec. No. Class °F per kg. per cent 

Aluminum 46A2 Gr. A 1215 86.6 6.6 
Al-Si Alloy 46Al1 Cl. 3 1070-1165 88.6 5.6 
Copper 46C5 Gr. A 1981 41.8 3.8 
Cu-Si Alloy 46B28 = 1800-1850 44.1 _ 
Gun Metal 46M6 —— 1650-1850 38.8 _— 
Manganese Bronze 49B3 - 1650-1700 35.9 4.6 
Ni-Cu-Si Alloy 46N7 Cl. a 2300-2400 68.0 — 
CRS Steel 46827 Gr. 1 2550-2590 48.2 _ 


0.25 per cent C. Steel 4981 cl. B 2660-2750 49.3 3.3 
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exceed the thickness of the cast section but should not be less tha: 
one-half of its thickness if a full cooling capacity is to be realized 
The sections pictured in Radiographs 13, 14, and 14b were cast be 
tween green and core sands. No migration of the shrinkage line 
is evident. 

64. Test 15: To obtain further information on the phenomenon 
of center-line shrinkage, other metals and alloys were tested for 
susceptibility to it. Radiographs 28 to 31, inclusive, show the in- 
ternal shrinkage characteristics of eight different metals. Table 
8 lists some of their fundamental melting properties. It will be no 
ticed that metals with broad and narrow liquidus-solidus ranges 
of few and many phases, of varied fluidity, and of high and low 
melting temperatures were sectioned for test. All of the speci- 
mens disclosed the presence of some ecenter-line shrinkage. Starting 
with the most pronouncedly center-lined specimen, the following 
appears to be the order of decreasing shrinkage severity: silicon 
monel, B steel, CRS steel, copper, gun metal, manganese bronze 
and alumnium. 


SUMMARY 


65. The following facts summarize the data of this and preced 


ing tests on the fundamental habits governing center-line forma 
tion: 

a Midwall shrinkage manifests itself most conspicuously in 
the 14-, -, 1-, and 2-in. thick sections; faintly, in the upper half 
of 3-in. sections; and ever so faintly, in fact scarcely at all, in the 
topmost metal of 4-in. sections. In brief, the height of solid metal, 
as measured from the bottom upward, increases linearly with 
section thickness, 7.e., from a height of 1-in. in %-in. thick sections 
to the full height of 12-in. in 414-in. thick sections. 

(b Positioning of castings in the mold at various angles of 
inclination (from vertical to flat) does not increase or decrease 
the extent. of center-line shrinkage. Position affects only the form 
and location of the shrinkage. The more closely a section ap- 
proaches the flat lying position, the more is its shrinkage displaced 
in the direction of its top or cope surface. 


(ec) The use of sufficient feeder metal in the form of large. 
truncated open risers (6 in. high, weighing 80-85 per cent of the 
weight of the casting, and having a V/SA ratio 114 times that of 
the V/SA ratio of the casting) is inadequate not only of itself, but 
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ven with the accompanying self mold preheat, to prevent center 


ne shrinkage. 





d) The application of taper in increments of 1 in. per ft. to 
astings 1 in. thick by 12 in. high progressively decreases the 
mount of internal shrinkage to the point of complete elimination 
vhen taper-padded with 214 to 3 in. of metal per ft 

e) End and side effects as well as gravity modify padding 
requirements on short and high castings. The former makes its 
nfluence felt in high sections, and the latter, in short sections. The 
amount of padding in in. per in. increases for specimens up to 12 
n. high, the increase being less for the heavy sections. And con 

ersely, the amount of padding in in. per in. for specimens higher 
or longer than 12 in. decreases with height, the decrease being 
ereater for the thinner sections. Approximately one half as much 
wedging in in. per in. is required for specimens 24 in. high as for 
the same specimens 12 in. high. 

f) <A wide variety of alloys and metals is susceptible to cen 
ter-lining. Each composition seems to possess a characteristic mid- 
wall shrinkage of its own whereby it can almost be identified. 

g) Of all the factors and influences studied, temperatur: 
vradient alone seems to be the most potent regulator of center-line 


formation in castings. 


CONCLUSIONS AND RECOMMENDATIONS 


66. The experimental evidence of this report, supplemented 
by several vears’ practical experience with padding, makes clear 
the fact that padding is not only a truly flexible but a most ac 
curately controllable means of establishing positive temperature 
eradients in all manner and size of castings. Correctly applied, pad- 
ding can be used to definite advantage by foundrymen, especially 
steel foundrymen. The advantage lies in the production of uni- 
formly dense, and therefore, radiographically sound wall sections. 
Correct padding, coupled with good molding, is productive of steel 
quality of the highest order with respect to metal integrity, reliabil- 
ity, and physical properties. 

67. A technique of padding has been worked out for the pro- 
eurement of dense, integrally sound steel castings. It is recom- 
meded that serious thought be given to its extended use by the 
steel casting industry to only those classes of castings in which 
the very highest degree of radiographic soundness is required. Of 
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the ten methods (listed in paragraph 15 of this paper) that may be 
used for making high quality castings, only two, chilling and pad- 
ding, are able to produce the very high temperature gradients 
which are required for center-line elimination. Size and intricacy 
of parts make difficult the application of chilling methods. No 
such difficulties obstruct the use of padding. 
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DISCUSSION 


DISCUSSION 


Presiding: K. V. WHEELER, American Steel Castings Co., Newark, 
N. J. 

Co-Chairman: F. A. MELMOTH, Detroit Steel Castings Co., Detroit. 
Mich. 


H. F. TAYLOR and E. A. ROMINSKI (written discussion): The authors 
of this timely paper have again made a fine contribution to the knowl- 
edge of gating and risering castings, one of the toughest problems the 
foundryman has to face. 

Following a discussion of the work of Messrs. Brinson and Duma with 
them prior to publication, it was found that because of lack of time cer- 
tain aspects of the problem were not as completely investigated as was 
desirable. Because of our interest and experience in the use of atmos- 
pheric pressure feeding, particularly as applied to blind risering, work 
was initiated at the Naval Research Laboratory to supplement the au- 
thors’ efforts. The results of this investigation make it necessary to 
modify certain of their original conclusions. A description of the work 
and discussion of results follows: 


Castings 1l-in. thick, 10-in. wide and 12-in. high were made as shown in 
the sketches of Plates 42, 43, 44 and 45, two with blind heads in different 
positions relative to the casting and two with conventional open risers, 
one gated on the parting line and one step gated. The castings were 
then sectioned as shown in the sketches, and radiographed in the 


manner described by Messrs. Brinson and Duma. The first casting was 
made as shown in Plate 42 and half-in. thick slabs were sawed from the 
positions indicated. Radiograph 32* showed the section to be perfectly 
sound with no evidence of center-line shrinkage. The metal was also 
sound to deep acid and persulphate etches. 
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PLaTe 42—SKETCH SHOWING DIMENSIONS AND PosITiION oF GATES AND Risers (BLIND 
Riser ATTACHED To Smeg). LocaTION or Strips SAWED FROM PLATE INDICATED BY BROKEN 
LIne. 


| Naval Research Laboratory, Washington, D. C. 
* Radiographs referred to in the discussion are reproduced on pages 759 to 765. 
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PLATE 43—SKeETCH SHOWING DIMENSIONS AND POSITION OF GATES AND RISERS (OPEN 
Riser, GATED AT PARTING LINE). LOCATION OF STRIP SAWED FROM PLATE INDICATED BY 
BROKEN LINE. 


The second series of tests included each of the systems shown in Plates 
42, 43, 44 and 45, and all were poured from the same heat. Radiograph 
33 shows the condition of the castings. Number 1 strip was taken from 
the casting made with the open riser having the ingate at the parting 
line (Plate 43), while strips 2 and 3 were taken from the casting poured 
with a step gate (Plate 44). Strip 4 shows the center-line condition of 
the casting made with blind risers at the edge (Plate 45) the same as 
the ones reported upon in the text. Strip 5 shows the condition of the 
plate made with the blind risers attached to the flat side, after the man- 
ner of the casting made in the first test. Again this last casting was 
found to be perfectly sound with no evidence of shrinkage chevrons or 
center-line voids. The castings made with open risers or with the blind 
risers placed on the edge were unsound in the varying degrees shown. 


From these results it is clear that the authors’ statements in para- 
graphs 59 and 60 should be modified somewhat. It is true, as they say, 
that “ given the same favoring conditions of temperature gradient, 





open risers feed as effectively, if not more so than blind risers.” It should 
be pointed out, however, that this “same condition of temperature gra- 
dient” is next to impossible to attain. Because of the desirability and 
frequency of bottom gating the hottest metal is not usually found in 
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PLATE 44—SKETCH SHOWING DIMENSIONS AND POSITION oF GATES AND RISERS (OPEN 
Riser, Step GATED). LOocATION oF- Strip SAWED FROM PLATE INDICATED BY BROKEN LINE 
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PLaTe 45—SketrcH SHOWING DIMENSIONS AND PosITION oF GATES AND Risers (BLIND 
RiseR PLACED AT Encr). LocaTION oF STRIP SAWED FROM PLATE INDICATED BY BROKEN 
LINE 
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PLATE 46—SKETCH SHOWING DIMENSIONS AND POSITION OF GATES AND RISERS (BLIND 
RISER ) LOCATION oF Strip SAWED FROM PLATE INDICATED BY BROKEN LINE. 


the open risers where it should be, and for this reason they do not always 
feed well. Even if top pouring through risers or gating at the top parting 
line is employed hot metal is carried downward by its own inertia, pre- 
heats the walls of the mold for a considerable distance below the riser, 
promotes turbulence in the metal and in general interferes with the maxi- 
mum control over thermal gradients and directional solidification. In 
bottom gating through blind risers the metal rises smoothly and evenly 
and proper heat gradients are established naturally. It should not be 
inferred from the above discussion that blind risers are always to be 
preferred over open types because in many cases they would not be as 
practical. It is safe to say, however, that for reasons discussed blind risers 
are really more efficient than open types and should be used whenever 
and wherever they are suitable. The experiments described above in- 
dicate the truth of this statement. The poor showing of the blind risers 
in the experiments of Messrs. Brinson and Duma was caused by the 
manner in which the risers were positioned and attached to the casting. 
Placing them at the edge and continuing the wall thickness of the plate 
into the blind head with a slight taper did not provide enough of a hot 
spot at this point and the neck froze off about as readily as the casting. 
Thus feeding could not take place and the castings were unsound. Plac- 
ing the risers at the side, as shown in Plate 42, provides a decided hot 
spot at the neck and the blind head being so near the casting also dis- 
poses heat gradients in the proper manner. 

Similar experiments were conducted on castings 2-in. thick, 12-in. wide 
and 24-in. high as indicated in Plates 46, 47 and 48. The complete de- 
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PLATE 47—SKETCH SHOWING DIMENSIONS AND Position OF GATES AND Risers (OPEN 
Riser). LocaTION of Strir SAWED FROM PLATE INDICATED BY BROKEN LINE. 
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PLATE 48—SKETCH SHOWiNG DIMENSIONS AND PosITION oF GATES AND RISERS (BLIND 
Riser. Sree. CHILLS PLAcen aT Tor oF PLATE). LocaTION oF Strip SAWED FROM PLATE 
INDICATED BY BROKEN LINE 











716 CENTER-LINE SHRINKAGE STUDIES 


tails of the casting-riser system are given in each case. The castings of 
Plates 46 and 47, represented by Radiographs 34 and 35, were poured 
from the same heat of are furnace steel and were repeated using indi- 
vidual heats of induction furnace steel. Results were identical in each 
case. Radiograph 34 shows the center-line condition of the casting 
fed with the blind riser (Plate 46) while Radiograph 35 represents 
the condition of the casting fed with the open riser (Plate 47). 
No center-line shrinkage was present in the casting fed with the blind 
riser while the one fed with the open riser was very bad in this respect. 
Step gating and gating at the top parting line produced the same 
order of results with the open riser. Again there is little doubt about 
the relative feeding efficieney of the two methods of risering. As 
indicated by the dotted lines at the top of the strip shown in Plate 46, 
there was a very slight dishing of the walls in the region shown. This 
amounted to less than 1/16-in. in the two-in. thickness. When steel chills 
were placed at the top of the casting to solidify and strengthen the walls 
quickly as shown in Plate 48, this did not occur and the casting was also 
perfectly sound internally as shown by Radiograph 36. Dishing did not 
oecur in the one-in. thick castings nor would it occur in 2-in. thick cast- 
ings a foot high. If conditions were ideal dishing would not have oc- 
curred in the 2-in. castings 2 ft. high. 

The great difference in the center-line shrinkage obtained by the open 
and blind riser methods discussed above suggested the method of casting 
shown in Plate 49. Here the blind riser was placed half way up the 
height of the casting so that part of the plate would be fed with benefit 
of gravity plus atmospheric pressure and the other half with gravity 
actually opposing the desired direction of metal feed. Surprisingly 
enough the metal in the upper half of the plate (Radiograph 37-A) was 
perfectly sound while that in the lower half showed unsoundness 
(Radiograph 37-B). Shrinkage was found in the relative position shown 
by the shaded marks on the strip of Plate 49. This was repeated three 
times with the same results, leaving only the conclusion that conditions 
of metal flow were responsible for the widely divergent results. It was 
at first quite odd that metal should feed upward against gravity when 
it would not feed downward from the same riser, but, after due con- 
sideration, the results were logical enough. During the filling of the 
mold cavity the metal entering through the riser neck into the casting 
washed downward into the lower half of the mold with considerable force 
even when the metal had risen nearly to the level of the ingate. This 
caused turbulence in the metal and, also, probably preheated the mold 
walls to a fairly constant temperature for some distance below the riser. 
Thermal gradients were disturbed and the coldest metal of the bottom 
half of the casting was not necessarily progressively farthest from the 
riser. Bridging dendrites kept the feed metal from getting through. The 
metal in the upper half rose steadily with no turbulence during filling of 
the mold and the proper heat gradients were readily established. Only 
by this manner of reasoning can the seeming anomaly be explained. 

A relatively few tests made at this Laboratory indicate that the 
analysis, and particularly the state of deoxidation of the steel also in- 
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ATE 49-—-SKETCH SHOWING DIMENSIONS AND POSITION OF GATES AND RuIseRs (BLINI 


RiseR PLACED HALF-WAY UP THE HEIGHT oF CASTING So Part oF PLATE WAS Fep wItH 
PLUS ATMOSPHERIC PRESSURE AND THE OTHER HALF WITH GRAVITY 
PLATE 


BENEFIT OF GRAVITY 
OPPosING DESIRED DIRECTION OF MeTAL FEED) LOCATION OF Strip SAWED FROM 
INDICATED BY BROKEN LINE 


fluence center-line shrinkage and for a given method of risering the ex 
tent of the defect is variable. Also it seems that pouring temperature 
should have some effect by the influence it would exert-upon tempera- 


ture gradients. 

The authors have very clearly shown what happens in a good many 
castings and why it is essential that particular care be tuken in the mak- 
ing of pressure units and have further clarified the use of padding in the 
attainment of proper heat gradients. It is to be hoped that many investi- 
gators will follow their lead with similar researches to the end that the 
soundest possible casting can ultimately be made in the most economical 
manner. The curvilinear type of padding shown in 1f of Plate 6 merits 
considerable attention since from the authors’ results it is fully as effi 
cient as the straight line taper and effects more than a threefold saving 
in weight. 

J. B. CAINE (written discussion)*. Messrs. Brinson and Duma are 
to be congratulated on their paper. They not only have made a complete 
report on the phenomena of center-line shrinkage, but, what is equally 
important, have given quantitative data on what to do to eliminate it. 

Unfortunately, the method of eliminating this center-line shrinkage 
is very expensive. If we are to use the padding recommended on one-in. 


2 Sawbrook Steel Castings Co., Lockland, O 
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sections, the amount of metal needed to pour the section is increased 250 
per cent, and the cost of the additional metal is only a small part of the 
cost of removing it afterwards. 

The use of padding to eliminate center-line shrinkage on castings 
that are to handle gases and liquids at high pressure cannot be ques- 
tioned. However, in the case of structural castings that constitute the 
bulk of the steel castings produced, it is still questionable that the 
physical properties of the castings as a whole are impaired by the type 
of defect discussed in this paper. The authors have mentioned this fact 
in paragraph 15, but have not gone into detail. 

In paragraph 55 the authors state that the strength and ductility 
values in tension have been decreased by the center-line shrinkage in un- 
padded sections by 20 and 50 per cent respectively. It is true that the 
tensile strength has been reduced, but the yield point, the property that 
is much more significant in design, has been reduced very little. As can 
be seen from Table 7, the test bars, with the lowest yield point in the 
l-in. unpadded section, only average 2,000 lb. per sq. in. lower than the 
corresponding bars in the section with 3-in. per ft. padding. The actual 
increase in the design strength due to padding is then less than 5 per 
cent. 

The elongation and reduction of area in tension have been lowered 
greatly. However, it is recognized by leading authorities* that these 
values are of little or no value in themselves, and their only justifica- 
tion is that they are supposed to be related to the ability of the metal to 
withstand shock. Even this last point does not check with the experi- 
mental evidence**. 

The authors have shown in Table 7 that the much more important 
property, notch sensitivity, or the resistance of the metal to failure 
under dynamic loading due to stress concentration, is lowered by center- 
line shrinkage in unpadded uniform sections. It is interesting to note 
that the decrease in this property is much less than that of elongation 
and reduction of area in the tension test. 

However, if we consider the casting as a whole, we have an entirely 
different picture of its resistance to stress concentration than that shown 
by the specimens taken from the center of the section as done by the 
authors. First, except in the unusual case of axial loading, the maxi- 
mum stress is at the surface, the stress decreasing to zero somewhere 
in the center of the section. As is shown in this report, the Izod values 
of this surface metal as well as the density are high regardless of 
whether the section is padded or not. With normal amounts of finish, 
this area of high density is not all removed. Secondly, concentrations of 
stress are very seldom located in a uniform section, but are present 
at junctions of sections. At these junctions the laws of center-line 
shrinkage no longer hold. 

There are at least two exceptions to the above statements: One, if deep 
grooves are machined into the section, and, two, if the section is cast 


* SYMPOSIUM ON SIGNIFICANCE OF THE TENSION TEST OF METALS IN RELATION TO DkE- 
SIGN, American Society for Testing Materials, 1940. 
** SYMPOSIUM ON IMPACT TESTING, American Society for Testing Materials, 1938. 
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horizontally, displacing the center-line shrinkage into the outer metal 
on the cope surface. Even these two exceptions can usually be taken 
care of without the use of extensive padding. Just the areas where the 
deep grooves are machined can be well fed by padding or closely spaced 
risers. The whole casting need not be padded. Critical sections can be 
so positioned in the mold that they are either vertical, throwing the 


center-line shrinkage into the center of the section, or if they must be 
cast horizontal, keeping the displaced shrinkage in the compression side 
of the casting. 

The same factors apply equally well to the other important property 
of design strength, resistance to fatigue. This is again a question of 
stress concentration, not so-called ductility. One point should be em- 
phasized regarding fatigue. The radiographs of center-line shrinkage 
make the shrinkage areas appear to be discrete cracks in the metal, 
whereas they are not. In reality they are areas of metal of lower density 
than the surrounding metal and do not cause near the stress concentra- 
tion that a discrete crack would create. 

MEMBER: I would like to know the height of the straight run in 
Plate 6. 

Mr. DumMA: The dimensions of the casting are: 10-in. wide, 12-in. 
high and one-in. thick. It is tapered from the bottom to a height of half- 
way with a taper of one-in. per ft. From this half-way point to the top 
it is padded with a 6-in. radius drawn to a 4-in. width at the top. 

MEMBER: To what extent, if any, would center-line shrinkage be 
affected by gating? Since center-line shrinkage is the result of the steel 
coming in contact with the mold surface and cooling from the outside 
towards the center, to what extent would a section be affected by gating? 
What is the location of the ingates into the cavity of the mold? 

Mr. DuMA: All specimens were top-gated and the metal top-poured 
to obtain a favorable temperature gradient because they were risered 
on top. We also tried gating at the bottom in padded and unpadded sec- 
tions. In the unpadded sections the center-line shrinkage was very 
pronounced, but the “V’s” were inverted, i.e., they pointed slightly down- 
ward. In the padded sections, it takes a slightly greater amount of 
padding or wedging to overcome the adverse temperature gradient ob- 
tained by bottom gating. We found the sections had to have 2%-in. io 
3-in. of padding to have no center-line shrinkage, 2'-in. if top-poured, 
and 3-in. if the metal was introduced through the bottom gate. 

Mr. BRINSON: It is just a question of correlating the position of the 
gate with the riser to try and put the gate in the most advantageous 
position. 

MEMBER: Would center-line shrinkage be greatly overcome by promot- 
ing direct solidification? 

Mr. BRINSON: Padding would help it. 

MEMBER: What does the rate of filling the mold have to do with cen- 
ter-line shrinkage? I know that if the mold is poured with hot metal 
very slowly, less padding is necessary than if it is poured fast. 

Mr. BRINSON: The only reason we could give for the center line seem- 
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ing to disappear in the 4-in. sections is that it takes longer to fill up the 
mold, giving the effect of slow pouring and more temperature gradient. 

Mr. DuMA: The upper and riser areas of molds are preheated by 
radiated heat issuing from inflowing metal and from gradually rising 
metal. The slower the rate of pouring, the more pronounced is the conse- 
quent preheating of the molds, and, therefore, the steeper the final tem- 
perature gradient. Whatever helps to set up a steeper temperature gra- 
dient will also aid in reducing the amount of padding required. 

Co-CHAIRMAN MELMOTH: There is a definite parallel of the sub- 
ject of this paper with ingot practice, where controlled taper is used io 
eliminate center-line effects. I have said many times that the foundry- 
man’s insistence on uniform metal would turn out to be to his decided 
disadvantage. We do not really wish for uniformity of section, but 
rather for controlled variation of section in order to produce progressive 
solidification with soundness. Speed of pouring in some conditions can 
exert quite an influence on the degree to which this defect occurs. In 
ingot practice this is realized, so much so that in many cases of an im- 
portant type, pouring speed is under definite and standardized control. 

The information in the paper is extremely valuable to the designer of 
parts to be made as castings. If the designer could be sold on these 
demonstrated facts, and the information so put to practical use, we 
would have less need to resort to padding, and its inevitably costly re- 
moval. Such designing would open up entirely new vistas of the possi- 
bilities of casting utilization. 

[ do not believe that center-line shrinkage, at any rate in significant 
degree, exists in all castings. Were it so, and assuming it to be present 
in the degree shown, I believe service failure would by now have almost 
eliminated the steel casting as an engineering material. I feel that there 
are factors effective in actual castings which cannot be evaluated by 
means of experimental sections, independently poured. Most founders 
of any experience have cut up hundreds of castings, and would have 
little or no confidence in the integrity of their product if center-line 
shrinkage in the degree shown had been experienced. 

We do not doubt but that steel castings can bear improvement. But, 
based on service failures, we believe their integrity is much higher than 
would be conveyed by the results shown in the authors’ separately cast 
uniform sections. 

Mr. BRINSON: I agree that it is a paper for the designer as well as for 
the foundry. Last year a paper was presented on the use of models in 
connection with making steel castings and the same remarks were made 
about the design then. At our plant we took the model of a turbine 
casting as made according to the drawing and added a taper on that 
casting, by means of model wax, to get controlled directional solidifica- 
tion. That was incorporated in the design. I do not believe in taking one 
lb. or 20 lb. off of the casting if it can be designed so that it is not neces- 


sary. 
We did not have any idea of presenting this paper to reflect on the 
integrity of the steel casting industry. We made no statement as io 
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hat way or how much this center-line weakness may affect the cast- 

g. Perhaps in a great number of cases the casting will be just as good 
nd last just as long with it as without it. A high pressure steam valve 

at had been in high pressure service for a period of 12 years was 
rought to us to be repaired, and we radiographed it. After we radio 
raphed it, we had to make another one. We sectioned the old one and 

ok photographs of it. There is not a man with a boy in the Navy who 
vould want him to be in the engine room of a destroyer with that cast 
ng at 275 lbs. pressure if he knew its condition, yet it had been in serv 
ce for 12 years and had given no trouble. Some parts of the wall thick 
ness were only 25 per cent effective. 

We are not trying to reach the ultimate and make an absolutely per 
feet casting. What we are trying to show is what has to be done by 
nolding methods, design, etc. We want to get rid of these things as 
much as we can, so the integrity of steel castings will go still higher 
and not lower. We all know a short while ago the steel casting industry 
ntegrity was not so very low. However, I know, as far as the Navy 
Department was concerned, it was not so very high, either. That is the 
idea we are trying to put over, not the idea that steel castings are no 
good. We firmly believe in steel castings—we are 100 per cent sold 
on steel castings—but we are trying to show what we are up against 
in regard to radiograph inspection of castings for the Navy. 

F. J. SEDLAK": Do you propose to carry on this investigation on metals 
other than steel, for instance, on a single component metal-like pure 
copper or on some of the brasses and bronzes? 

Mr. BRINSON: We have done a little work on that, but we have not 
gone very far. We do not think it is so necessary because cast iron and 
bronzes are not used for high pressure work and, therefore, we do not 
consider center-line weakness as important as it is in the steel casting. 

Mr. SEDLAK: In sections considerably less than %-in. thick, I have 
noticed the same thing, perhaps not exactly a shrinkage, but a coring 
effect. 

G. DoAN!: Does not Mr. Brinson’s example of a pressure casting with 
12 years of service, in spite of 75 per cent defects in the wall, prove 
something? To me it signifies that really sound castings can be reduced 
in weight to a fraction of what they now weigh. That such castings will 
command a higher price per lb. and will enter fields where they now 


cannot compete seems obvious. 

Mr. BRINSON: That probably naturally follows from the results that 
have been secured. If too thin a section is made, people will lose con- 
fidence in it, and that lack of confidence makes them fearful of the job. 

C. E. Stms°: I like Mr. Brinson’s story of cooperating with the 
inevitable. Center-line shrinkage in parallel wall castings is inevitable 
if the castings are big enough. That is because the solidification is from 
the surface to the center and the whole center-line solidifies about the 
same time. On the other hand, in a tapered casting, such as one with 
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a pad, the top part of the casting acts as a riser or feeder for the lower 
part and the center-line solidifies from the bottom to the top. 

In the matter of center-line shrinkage or weakness, let us think of it 
first as shrinkage. I think center-line shrinkage is one of the most se- 
rious factors in giving leaky castings, especially when they are machined 
In the matter of strength I think there is an entirely different story. 
In a section one-in. thick by one-ft. high, it will get perfectly solid and 
the center-line shrinkage can be eliminated by padding it to a thickness 
of 3-in. at the top. A casting 6-ft. high and one-in. thick at the bottom 
would have to be 18-in. thick at the top to get it sound to the center 
which is, of course, impracticable. 

Mr. Melmoth’s discussion shows the correlation between padding and 
ingot practice. He mentioned that in some sections with parallel walls, 
there is probably no center-line shrinkage. I think it is present to some 
extent in all parallel wall castings. It is impossible to prevent this cen- 
ter-line shrinkage in some castings, and there are millions of castings 
in service today that have center-line shrinkage. 

As far as strength is concerned, tubes have very high strength for 
their weight because of their structure. The same amount of metal that 
is in a tube made into a solid rod wiil have very much less structural 
strength because it will not be as rigid. 

Castings which are not machined, in many uses, are loaded as a beam. 
One surface will be in compression and the other surface will be in ten- 
sion, while the center-line which is the neutral axis, will not be stressed 
at all. The casting, under those conditions, is virtually unweakened by 
the presence of center-line shrinkage. 

The most severe service that I can think of, offhand, seems to run 
to the railroad side frame casting which is cast in about %-in. sections 
throughout. It has to be so designed as to stand a static load of about 
500,000 lb., and it is put into terrificaliy dynamic service, bouncing over 
rail joints and around curves, under the high speed of present-day 
freight traffic. These castings have a splendid record for service and 
stand up over the years, with very few breakages, until they become ob- 
solete in design, but every one of those castings has center-line shrink- 
age in much of the section. Let us think of center-line shrinkage in 
terms of the type of casting and, wherever it is possible, as in the smaller 
castings, let us eliminate it by using this sound principle of getting di- 
rectional solidification by tapering the casting. But let us not unquali- 
fiedly condemn a casting because it has center-line shrinkage. 

MEssrs. DUMA AND BRINSON (authors’ closure): Due to the lack of 
time the authors were unable to comment on the verbal discussion of C. 
E. Sims. We fully agree with Mr. Sims that center-line weakness in 
parallel wall castings is inevitable if this parallelism extends to any 
great extent. Fortunately in many castings this condition does not 
exist, as there are many closely adjacent heavy sections, so that the prob- 
lem to overcome becomes hot tearing, rather than center-line weakness. 

The example given by Mr. Sims, that a 6-ft. casting one-in. thick would 
have to be made 18-in. thick at the top, does not follow from the results 
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ven in our paper wherein we showed that a parallel wall casting 4-in. 
hick would be solid for at least 12-in. and maybe more, due perhaps to 
he temperature gradient set up by a longer pouring time. This condi- 
on would apply to a 6-ft. casting and the padding could at least be 
dded in parallel steps. 

In regard to the question raised as to what extent center-line weak- 
ess would affect the use of the casting (the same question raised by 
Mr. Caine in his written discussion), the authors with their 12 years’ 
experience in radiographing and examining castings which had been in 
severe service, often at high pressures, would be the last to say that 
center-line weakness would to any great extent affect the use of the vast 
majority of castings. They wish, however, to call attention to the fact 
that due to the irregularity of the center-line shrinkage cavity, under 
certain conditions of stress (because even if the shrinkage occupies the 
neutral axis, there is compression on one side of the center-line and ten- 
sion on the other side), cracks may be started. For example, in the case 
of a valve casting under pressure, if there is a marked center-line 
cleavage the casting becomes two separate members, each of which are 
under compression on the side nearest the center of the valve and in ten- 
sion on the side furthest away. Any crack, therefore, developing in a 
valve should travel toward the center of the casting. 

In regard to the point raised by Mr. Caine as to the expense, any cus- 
tomer who sets high radiographic standards in a casting should be will- 
ing to pay for obtaining them, because if these standards are to be met, 
certain procedures will have to be followed to meet them regardless of 
expense. Our motto is, “There is nothing as expensive as a rejected 
casting.” This may not always be so in dollars and cents, but it is al- 
ways true in the value of confidence in the integrity of steel castings. 

The authors also appreciate the written discussion of Messrs. Taylor 
and Rominski who had an advantage over other members of the Associa- 
tion in that they saw certain results prior to the submitting of the 
manuscript. We all know that the last place to solidify in a casting is 
the hottest place, and that our aim is to make this place the riser, 
regardless of how obtained, as different casting conditions govern dif- 
ferent methods. 

The authors, as well as all foundrymen, realize that the bottom pour- 
ing of a casting, with an open or any other kind of riser on top, is just 
the reverse of the best condition, and the history of steel founding is 
replete with records of different ways to avert this condition, such as 
step pouring, back pouring in risers, reversing the mold, ete. However, 
we cannot agree with the statement made by Messrs. Taylor and 
Rominski that, “Even if top pouring through risers or gating at the 
top parting line is employed, hot metal is carried down by its own inertia, 
preheats the walls of the mold for a considerable distance below the riser, 
promotes turbulence in the metal and in general interferes with the 
maximum control over thermal gradients and directional solidification. 
In bottom gating through blind risers the metal rises smoothly and 

evenly, and proper heat gradients are established naturally.” This is a 
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very easy theoretical explanation, but, unfortunately, does not agree 
with natural laws or practical founding. The main success of the bot 
tom poured blind risers lies in the fact that all of the metal in the cast- 
ing passes through the blind riser chamber making this hotter than any 
other place. Similarly, metal being passed between the mold walls from 
the top to the bottom and the metal rising in the mold will establish a 
temperature gradient in the molding media from the bottom to the top. 
Every foundryman who has experienced the burning down of the cope 
will verify this fact. We do not believe, however, that this heat gradient 
in the mold walls is sufficient of itself to cause the proper directional 
solidification. It is to be assumed from the statement, “In bottom gating 
through blind risers the metal rises smoothly and evenly and the proper 
heat gradients are established naturally,” that the theory is that the 
metal entering the bottom of a mold through a blind riser is pushed up 
in successive layers, the same as a piston is pushed up in a cylinder, so 
that the coldest layer (the first metal in the mold) will be at the top 
and so on down to the hottest at the bottom. The authors have many 
times watched metal rising in the mold from a bottom gate and have 
seen the rolling action of the metal due to the hotter lower metal push- 
ing up in the center, rolling the colder outer metal up against the side 
of the mold. The authors, in pouring a large steel mold, many times 
have waited a few minutes and then started to back fill by pouring in 
the risers, only to see the hot metal poured in one riser travel through 
the casting (where not desired) and come up in several other risers, 3 
to 6 ft. distant, sometimes rolling out around the rim of the formed skin. 
The dishing in at the top of the easting shown on Plate 46 proves that 
the casting had a hot spot and tried to overcome the vacuum created by 
breaking through at this point. The placing of chills as shown in Plate 
48 overcame this, however, and set up a proper thermal gradient down 
to the riser. Turbulence is a word generally used, as it is here, to de- 
scribe an undesirable condition, but no practical foundryman ever ob- 
jects to turbulence in pouring a casting unless it results in cutting the 
walls of the mold. Turbulence, properly controlled, is often an asset. 
The best way to obtain a clean, plain, hollow, cylindrical casting, espe- 
cially with iron or bronze, is to top pour through drop gates to pur- 
posely create turbulence on the top of the rising metal. This keeps the 
top skin broken up and keeps any entrapped dirt on top of the metal. 
The authors quite fully agree that the attaching of the blind riser on 
the flat side of the plate is more satisfactory than attaching same to the 
edge of the plate. This brings up the old question of the efficiency of 
different shaped risers. The authors have always contended that loca- 
tion, as well as shape, determine the feeding efficiency of risers. A riser 
which is so shaped and so located that it gets the feed metal to the point 
needed, by the quickest and shortest route, will feed a casting more 
effectively than a riser remotely situated but having the least amount 
of surface for the greatest volume of metal, thereby giving a slightly 
higher thermal efficiency in the riser itself. With the blind riser at- 
tached to the edge of the plate, the neck, no matter how much thicker 
it is than the casting, can only be as efficient as the thickness of the 
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asting itself, especially so where this part of the casting has to feed 
he other parts. 

The findings of Messrs. Taylor and Rominski parallel and corroborate 
hose of the authors. The principal points of difference are in the inter 
pretation and explanation of the results, and that always allows room 
for argument. The explanation of the results obtained on Plate 49 is at 
variance with actual facts. It is noted that the bottom of the ingate to 
the casting is located about midway and that this ingate has a section 
6-in. x 2%-in. by a length of about one-in. The section of the ingate to 
the blind risers appears to be about 1-in. x 1%-in. It is evident that in 
pouring this casting the metal, in reaching the blind riser, will spread 
out in a thin layer 6-in. wide and not as high as the riser ingate. This 
metal will lose its velocity and should almost gently roll over the edge 
where the ingate joins the casting. 

The 240 cu. in. below the ingate fills rapidly without establishing any 
marked thermal gradient, and the blind riser chamber is not appreciably 
heated up, so that in filling the bottom half of the mold, practically the 
same conditions are present as if it were an open top risered job with 
the gate at the joint of the casting and the riser. From this point on, 
the conditions change. The upper half of the mold (above the bottom 
of the ingate to the castings) contains a total of approximately 650 cu 
in. or 2.7 times the volume of the lower half, and as the mold and the 
blind risers are filled simultaneously, then it will take at least 2.7 times 
longer to fill the upper half. This, coupled with the fact that the blind 
riser cavity is filled and heated to a much higher temperature, estab- 
lishes a much better thermal gradient than can possibly be established 
in the lower half. 

We cannot agree with the statement of Messrs. Taylor and Rominski 
that the analysis and particularly the state of deoxidation of the steel 
also influence center-line shrinkage to any extent that is worth con- 
sidering. We have always contended that center-line weakness is a 
physical characteristic of the solidification of any metal, be it steel, 
iron, monel, brass, bronze, or aluminum. The statement by Messrs. Tay 
lor and Rominski that, “Also it seems that pouring temperature should 
have some effect by the influence it would exert upon temperature 
gradient,” is ambiguous as they do not say whether it should be higher 
or lower. We, however, fully agree with the statement as made, if not 
as intended. We believe that hot pouring accentuates the center-line 
condition. There is no center-line weakness until after solidification, 
and as all medium carbon steels start solidifying at somewhat the same 
temperature, if the casting is poured on the hot side, there will be a 
wider time gap between the finish of the pouring and the start of solid- 
ification and this will have a tendency to level the temperature gradient 
established in pouring. On the other hand, if metal could be poured cold 
enough to establish such a wide temperature gradient that it would 
progressively solidify as fast as it was poured, there would be no center- 
line shrinkage or weakness and there would be no need for a riser of 
any kind to obtain a solid casting. 
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The authors recognize the results obtained by Messrs. Taylor and 
Rominski, but question their explanations. We feel that the whole ques- 
tion is simply one of establishing a proper thermal gradient in the cast- 
ing, regardless of the manner in which it is accomplished, as different 
conditions will require different applications. The authors had hoped to 
conduct further experiments concerning the discussion submitted, both 
verbal and written, but have found it impossible to proceed further at 
this time. The authors wish to thank all of those who took part in the 
discussion, in any way, to bring out the different features, as the value 
of any paper can be judged mainly by the discussion it brings forth. 
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RADIOGRAPH 1—CENTER-LINE SHRINKA 
(Figs. 2A, 38—PLATe 4) 


MERSED IN FINE Copper SHorT. 
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RADIOGRAPH 2—CENTER-LINE SHRINKAGE IN 1- AND 2-IN. SECTIONS. HOLES IN SPECIMEN 
MarRK LOocaATION oF DRILLINGS FoR CHEMICAL ANALYSIS.—SeE TABLE 1 FOR FINDINGS. 
(Fic. 1a, PLate 6; Fic. 2c, PLATE 4) 
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RADIOGRAPH 3—CENTER-LINE SHRINKAGE IN 3-IN. THICK Sections. ONe Piece Cur IN 
Two For Microscopic EXAMINATION. (Fic. 2p., PLATE 4) 
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RADIOGRAPH 4—CONDITION OF METAL IN 4-IN. THICK SBCTIONS.—NOTE PRESENCE OF FINE 
SHRINKAGE IN Top Mera. (FG. 2c, PLATE 4) 








W. BRINSON AND J. A. DUMA 





Pane RPAH he 








SPECIMENS 


RADIOGRAPH 5—CENTER-LINE SHRINKAGE IN 2- AND 3-IN. RoUND CAST BILLETS 
ARE % IN. THICK CUT ON THE DIAMETER AND THE VERTICAL AXIS OF THE CYLINDER. 
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RADIOGRAPH 6—CENTER-LINE SHRINKAGE IN 1-IN. THICK CASTINGS, UNPADDED,—4, 8 AND 

24 in. Hien; 24-1n. Specimen Is Cut in Two.—Hoves In 8-1IN. HicH SPECIMEN MARK 

LOCATION OF DRILLINGS FoR CHEMICAL ANALYSIS.—SEE TABLE I FoR FINDINGS. (FiGs. 3c, 
3p AND 3F IN PLATE 5) 
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RADIOGRAPH 7—CENTER-LINE SHRINKAGE IN 1-IN. THICK SECTIONS VARIOUSLY POSITIONED 

IN THE Mo_p.—( V)—VerTICALLY Cast; (45°) INCLINED 45°; (F)—Cast FLATWise.—Tor 

Sipe oF 45° AND F Specimens Is tHe Ricut Smwwe.—NoTe THE TENDENCY Towarp Dits- 

PLACEMENT OF THE CENTER-LINE SHRINKAGE TO Top S AS THE ANGLE oF TiLT Is IN- 
CREASED. (Fic. 1a, PLATE 6; Fic. 4a, PLATE 7; Fic. 5a, PLATE 8) 
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RADIOGRAPH 8—Two SPECIMENS ON RIGHT PAppED 1-IN. Per Foot. (Fic. 1B, PLATE 6) 
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RADIOGRAPH 9—-PApDED 2-IN. Per Foot. (Fic. 1c, PLATE 6) 
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RADIOGRAPH 10—Pappep 3-1N. Per Foot. Section Is Soimw.—Specimen on Ricut Is 
PADDED FOR &-IN. WITH 2-IN. OF MFTAL Per Foot. (Fic. 3k, PLATe 9; Fic. 1p, PLATE 6) 
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RADIOGRAPH 1i1—COMPARATIVE RAUIOGRAPH.—COMPARE SENSITIVITY OF ABOVE GAMMA- 
GRAPH WITH Fic. 3p oF RapiocRAPH 6.—THE DIFFERENCE IN CLARITY !s INDICATIVE OF 
THE FACT THAT NUMEROUS Derects oF a Less OrpeR EsScare DeTecTION.—RADIUM 25 MG. 
—MeETAL THICKNESS % IN.—RapIuM TO FILM, 18 IN.—EXpPoOSURE TIME, 4 HRS. 
OTHER RADIOGRAPHS IN THIS PAPER WITH THE EXCEPTION OF THIS RADIOGRAPH 
11, Were Mabe sy THE Use or X-RAYS. See PARAGRAPHS 24, 25 AND 36 
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RADIOGRAPH 12—Pappep 2-1In. Per Foot. (F)—Cast IN THE FLAT Position. (45°)— 
Cast AT ANGLE oF 45° CoMPARE RELATIVE SoOLIDITY OF THESE WITH THOSE OF RADIO- 
GRAPH 8 WHICH Were Cast VERTICALLY. (Fic. 4c, PLATE 7; Fic. 5c, PLATE 8) 
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RADIOGRAPH 13—-CENTER-LINE SHRINKAGE IN 1-IN. THICK, REGULAR Hexacon.—Bore 
IN. BETWEEN PARALLEL Faces. (Rerer TO PLATE 13) 
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RADIOGRAPH 14—-CENTER-LINE SHRINKAGE IN 1-IN. THICK CIRCULAR SECTION.- 
I.D. 7 In. (REFER TO PLATE 14) 
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RADIOGRAPH 148—ANOTHER VIEW OF CENTER-LINE SHRINKAGE IN 1-IN. CIRCULAR S8CTION. 
—O.D. 9 n., LD. 7 tn. (Rerer To PLATE 14) 
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RADIOGRAPH PappED RecuLAR HexAGON.—NOoTE THE UNIFORMITY AND SOLIDITY OF 
THE METAL STRUCTURE 30RE 7-IN. BETWEEN PARALLEL Faces. (REFER TO PLATE 15) 
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RADIOGRAPH 16—Pappep CirCULAR SecTION.—Note UNIFORMITY AND Sovtmiry of METAL 


Structure.—U.D. 9 1n., LD. 7 in. (Rerer To PLATE 16) 
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1 RN OETA SIMONE 


We Aone 


RADIOGRAPH 17—Two PappEep %-IN. THICK SECTIONS. (1) % IN. Bottom x 2 IN. Top x 

8 IN. HIGH 2) % Nn. Bottom x 3 IN. Top x 16 IN. HiGH.—ARROWS INDICATE MATCH- 

ING Faces or SpectmeN Cut IN Two.—SeEcTIONS ARE SoLmIp THROUGHOUT. (FIG. 6B, 
PLATE 10; 6F, PLATE 11) 
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RADIOGRAPH 18—1-IN. THICK PappED SecTIONS, SHOWING SoL_mp MeTat. (1) 1 IN. Bort- 

Tom x 1% IN. Top x 4 IN. HigH. (2) 1 in. Borrom x 2% IN. Top x 8 In. Hicu. (3) 1 

IN. Bottom x 2% IN. x 8 IN. SURMOUNTED WITH A 2% IN. THICK STRAIGHT SecTION é- 
IN. HicH. (Fies. 31, 33, 3K,—PLAtTe 9) 
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RADIOGRAPH 19—1-IN. THICK PADDED SECTION (1) 1 iN. Bottom x 4 IN. Top x 20 IN. 
HiIcH Vers INDICATE MATCHING Faces.—No EVIDENCE OF CENTER-LINE SHRINKAGE IS 


EVIDENT IN EitTHerR HAF. (Fic. 3M, PLATE 9) | 
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RADIOGRAPH 20—1-IN. THICK PappED SECTIONS. 
Hich.—Upper Ha tr. 
Top x 12 IN. HIGH, SPeCIAL 
SHRINKAGE REMNAN 


(1) 1 «nN. Bottom x 3 IN. Top x 24 IN. 
(Lower Har or Srectmen Lert Out). (2) 1 IN. Bottom x 4 IN. 

TAPERED DesIGN.—NoTe FAINT TRACES OF CENTER-LINE 
IN THE STRAIGHT TAPERED SPECIMEN. 


(Fic. 3n, PLATE 9; Fic. IF, 
PLATE 6) 
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RADIOGRAPH 21—1-1In. THICK PappEep SecTion. (1) 1 IN. Bottom x 4% IN. Top x 28 IN. 
HIGH Vees INDICATE MATCHING Faces.—SLIGHT EVIDENCE OF CENTER-LINE SHRINKAGE 
REGISTERED IN AREAS IMMEDIATELY ABOVE THE BULGES (Fie. 3Q, PLATE 9) 
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RADIOGRAPH 22—2-IN. THICK PappED Section. (1) 2 In. Bottom x 3% IN. Top xX 20 IN 
HIGH Vers INDICATE MATCHING Faces.—SHOWING EVIDENCE OF PINHOLE POROSITY, BUT 


NOT OF CENTER-LINE SHRINKAGE. (FIG. 63, PLATE 11) 
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RADIOGRAPH 2°8—2-IN. THICK PADDED SECTION WITH PADDING MACHINED OFF. (1). 2 IN. 
Bottom x 4 IN. Top x 12 In. Hetcut.—Specimen Cut In Two For Microscopic EXAMI- 
NATION Section Is SOUND AND Frese FroM CENTER-LINE SHRINKAGE. (FIG. 3A, PLATE 4) 
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RADIOGRAPH 24—3-IN. THICK PappED SecTION. (1) 3-IN. Bottom x 3% IN. Top x 16 IN. 
HIGH Vees INDICATE MATCHING Faces.—NoTE ABSENCE OF CENTER-LINE SHRINKAGE 
(Fic. 66, PLATE 11) 
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CAST AT DIFFERENT 
CAST AT APPROXIMATELY 
APPROXIMATELY 2780°F. 


5—CENTER-LINE SHRINKAGE IN 1-IN. THICK SECTIONS 


RADIOGRAPH 2 

TEMPERATURES. CAST AT APPROXIMATELY 3130°F., (2) 

F tr APPROXIMATELY 2850°F., (4) CAST AT 
(Fic. 1a, PLATE 6) 


2990 
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RADIOGRAPH 26-—CENTER-LINE SHRINKAGE IN THREE 1-IN. THICK Sections Fep From 2 
BLIND Risers EACH.—Tuirp SpecIMEN—LeFt To RIGHT—WAS NOT BLIND RISERED.—NorT? 
INVERTED SHRINKAGE CHEVRONS. (FIG. 1A, PLATE 6) 
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RADIOGRAPH 27—SHOWING CONDITION OF METAL IN * (CHmu-Cast) AND “H” (Pre- 
HEATED Mo.Lp) SecTIONS 1-IN. THICK.—OBSERVE THE SOLIDITY OF THE ONE AND THE DE- 
FECTIVE CONDITION OF THE OTHER. (FIG. 14, PLATE 6) 








cE CRAM IRI EE nr 


W. BRINSON 


RADIOGRAPH 
CAST, 
TIME 


92 


MIN., 





AND J. A. DUMA 


CENTER-LINE SHRINKAGE 


Top-POURED, OPEN RISERED.—KILOVOLT 


TARGET DISTANCE: 36 IN., 


IN 


DEOXIDIZED 


PEAK: 120, 


H.D. DENSITY 


COPPER 


PLATE 


MILLIAMPERES: 10, 


1.26 


(Fic. 1a, 


VERTICALLY 
EXpPostRe 


PLATE 6) 
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RADIOGRAPH 29—INTERNAL SHRINKAGE IN COMMERCIALLY PURE ALUMINUM.—PLATE VER- 

TICALLY Cast, Top-PoURED, OPEN RISERED.—KILOVOLT PEAK: 58 (60 ON METER) ,—MILLIAM- 

PERES: 6 EXPosuRE TIME 4 MIN. 10 sec.—TarRGetT DISTANCE: 36-IN., H. D. DENSITY: 
1.58. (Fic. 1A, PLATE 6) 
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RADIOGRAPH 30—Lert to RIGHT, SHOWING CENTER-LINE SHRINKAGE IN: (1) CRS, Tow- 

POURED, OPEN RISERED, (2) Ni-Cu-St ALLoy, Top-pourep, Open Ruiserep, (3) Ni-Cu-Si 
ALLOY, BoTTOM-POURED, DousBLe BLIND Ruiserep, (4) MANGANESE BRONZE, TOP-POURED 
Oren Riserev. 120 Vo_tts—10 MILLIAMPERES—4 MIN 36 «IN (Fic. 1a, PLATE 6) 
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RADIOGRAPH Lert TO RIGHT, SHOW!NG CENTER-LINE SHRINKAGE IN: (1) Cu-St ALLOY, 
BOTTOM-POURED, OPEN RISERED (2) Cu-S1t ALLoy, BortomM-PpourEeD, DousBLE BLIND RISERED 
(3) GuN META BoTToM-POURED, DouBLe BLIND RIsereD. (4) GUN MeTAL, BoTToOM- 
POURED, DousBLe BLIND RISERED (5) GUN METAL, Top-PoURED, OPEN-RISERED 140 KVP 


10 MILLAAMPERES—1l1 MIN 36 IN. (Fig. 1a, PLATE 6) 
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RADIOGRAPH 32—SHOWING %-IN. STRIPS SAWED FROM PLATE 42. No SIGN oF CE 
SHRINKAGE. MeTaL Was ALso Sounp To Deer ACID AND PERSULPHATE ETCHES. 
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RADIOGRAPH 33-—-SHOWING CONDITION OF STRIP 1 SAWED FROM PLATE 43, STRIPS 2 AND 3 

FROM PLATE 44, STRIP 4 FROM PLATE 45, AND STRIP 5 FROM PLATE 42. Strips 1, 2, 3 AND 4 

SHOWED CASTINGS UNSOUND IN VARYING Decrees. Strip 5 SHOWED CASTING PERFECTLY 
SouND. 
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RADIOGRAPH 4—SHOWING CONDITION oF STRIP SAWED FROM PLATE 46 No CENTER-LINE 


SHRINKAGE PRESENT. 
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RADIOGRAPH 35—SHOWING CONDITION oF Strip SAWED FROM PLATe 47. CENTBR-LINE 
SHRINKAGE PRESENT. 
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RADIOGRAPH 36—SHOWING CONDITION oF Strir SAWED FROM PLATE 48. No CENTER-LINE 
SHRINKAGE PRESENT. 
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RADIOGRAPH 37-A—-SHOWING CONDITION oF Upper HALF oF STRIP SAWED FROM PLATE 49. 
No CRENTER-LINE SHRINKAGE PRESENT. 
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RADIOGRAPH 37-B—SHOWING CONDITION oF LOWER HALF oF STRIP SAWED FROM PLATE 49 


CENTER-LINE SHRINKAGE PRESENT 














Secondary Aluminum for Sand Castings 


By W. E. Martin*, Brookiyn, N. Y. 


Abstract 


Government specifications for aluminum castings for 
any years have been based on the use of virgin aluminum 
ingot. Howe ver, WU ith the adve nt of the war and the 
scarcity of virgin aluminum, it has been necessary to 
itilize the so-called secondary aluminum in war work. 
The author and his company have made an extensive study 


, 


o adapt secondary aluminum to their products and have 
been successful. This paper is offered as an aid to those 
companies which will find it necessary to use secondary 
aluminum alloys in their foundries instead of virgiv 
aluminum alloys. The author gives the chemical and 
physical requirements necessary to meet government 
specifications and stresses the fact that the secondary 
material must not contain more than 0.10 per cent 
magnesium in orde to meet said specifications. Figures 
and tables are included which give results of tests per- 


’ 
formed. 


1. As the result of recent W.P.B. restrictions on the use of pri 
mary aluminum, a large part of the castings used in the defense 
effort must hereafter be made of secondary aluminum. The work 
discussed in this paper was initiated in the Sperry Gyroscope Com 
pany Materials Laboratory in January, 1942, at which time it was 
apparent that such restrictions would eventually come about. In 
the meantime, a substantial number of the castings used in Sperry 
non-flying equipment have been and are being produced of second 
ary aluminum. Work is now under way to convert castings used in 
Sperry aircraft equipment to secondary metal as quickly and com 
pletely as possible—the notable exceptions being castings used in 
aircraft structures. We have had some trouble in the changeover, 
and had it not been made gradually and with considerable experi 
mental work, serious production delays would have resulted. This 
paper is presented with the hope that, by pointing out the dangers 
involved as determined by our work, some production delays and 
equipment failures may be prevented somewhere in the defense 
industry. 


* Materials Laboratory, Sperry Gyroscope Co. 
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REQUIREMENTS OF A SECONDARY ALLOY 


2. Most aluminum alloys as produced by primary aluminum 


producers are made from virgin metal and contain extremely small 
percentages of impurities. For some purposes, it is important that 
these Impurities be maintained at the low limits which have been 
set by most government specifications. However, it is impossible, 
when reclaiming turnings, borings, scrap, stampings, and spoiled 
work, to keep the impurities at the limits set by these virgin metal 
specifications. The term ‘‘secondary aluminum’’ has been applied 
to this reclaimed material. 


3. It has become extremely important to utilize all aluminum 
available in the country for defense work. The secondary material 
will be a mixture of silicon-bearing aluminum, copper-bearing 
aluminum, and other miscellaneous grades. Because of the impos 
sibility of keeping all scrap segregated on the basis of its original 
analysis, any secondary composition readily available must be a 
blend of the metal available to the smelters 


4. To be useful to the foundries, the secondary material must 
cast well, should be reasonably easy to straighten, and, for our 
purposes, must machine at least as well as the primary materials 
which we have been using, and must have satisfactory mechanical 
properties. It has been agreed by all the procurement boards that 
a lower corrosion resistance will be acceptable. From previous ex 
perience in the casting of intricate instrument parts, it had been 
determined that a minimum silicon content of 344 per cent should 
be maintained. After numerous conversations with the secondary 
smelters, it was determined that an alloy having approximately 3 
per cent copper and 4 per cent silicon should be available in suffi 
cient quantities to cover the production of our equipment. It was 
further determined that an alloy of 3 per cent silicon and 4 per 


cent copper would be the most available secondary alloy. 


rn 2 
rests 


5. On the basis of preliminary information, some large and 
intricate parts were cast of metal having the composition listed in 
Table 1 as alloy No. 40. Considerable cracking, lack of weldability 
and poor straightening properties were developed by this material. 
This material was not considered usable. Therefore, a series of tests 


was undertaken to try to determine the effects of impurities. 
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Table 1 
COMPOSITION OF HEATS STUDIED IN THE INVESTIGATION 
Mag- Man- 
Hee ( er licon nesium Iron Nickel ganese Zine 
Alloy 40 2.75 3.50 0.48 0.95 0.26 0.13 0.48 
10K y 3.55 0.08 1.28 0.50 0.22 0.10 
10L 2.30 0.02 0.70 0.09 0.38 0.04 
10D 2.38 3.55 0.41 1.28 0.50 0.22 0.10 
10M 3.00 4.25 0.04 0.93 0.12 0.50 0.05 
10B 2.64 3.87 0.16 1.19 0.54 0.20 0.43 
10P 311 1.18 0.10 0.80 0.10 0.20 0.42 
10Q 4,10 2.15 0.01 0.81 0.07 0.386 0.14 
6 It will be noted that the material used in the above test con 


tained approximately 0.5 per cent magnesium. Serap, as received 


by the secondary smelters, normally contains magnesium varying 


from 0.2 to 1.0. It was suspected that magnesium was the element 
causine the embrittlement in these first castings made. To find 
the effect of maenesium., a series of tests was run covering 


Imagnesium contents of from 0.02 per cent to 0.41 per cent. Tests 
were also run varvine the copper and silicon contents, and a rea- 
sonably complete coverage of other impurities was made. Castings, 
transverse test bars and standard 0.505-in. diameter test bars were 
made in sufficient quantities to establish the mechanical properties 


and the effects of various heat treatments. Mairly early in the 


test. anodizing and machining tests were conducted. 


Preliminary 


tests were made on the dimensional stability of the allovs in ques 





Tion 
Table 2 
( CAL AND PiysicaAL LIMITS OF SECONDARY ALLOY No. 18 
SAND CASTINGS 
Chemical Requirements 

Element Per Cent 

Copper 2.25 to 3.5 

Silicon to 4.5 
Magnesium 0.10 Max. 
Iron 0.9 Max. 
Nickel 0.4 Max. 
Manganese 0.6 Max. 
Zine 0.6 Max. 
Others Total 0.5 Max. 
Aluminum Remainder 

+Physical Requirements 
Yield Strength, p.s.i. 15,000 Min. 
Tensile Strength, p.s.i. 23,000 Min. 
Elongation, per cent in 2-in. 1.5 Min. 
As heat treated for 5 hours at 450°F. 
* Stre re ired to produce 0.2 per cent offset from the modulus line. 
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Test RESULTS 

7. On the basis of the work performed, during which over 250 
mechanical tests were run and approximately 60,000 Ib. of metal 
converted into usable castings, a specification was drawn up to 
over a secondary alloy to be referred to hereafter in this paper as 
alloy No. 18. The chemical and mechanical limits are given in 
Table 2. Consideration was given during these tests to the most 
rapid production methods possible, utilizing a minimum amount 
of heat treatment. 

8. To evaluate the test results given, it is necessary to review 
the properties of present alloys used by the company. These are 
listed in Table 3. It should be realized that for equipment manu 
factured by the Sperry Company, it is important not to perma 
nently deform a casting during service. This deformation is limited 
only by the vield strength of the material, whereas ultimate break 
age is a factor of the tensile strength. It will be noted from Table 


3 that allovs Nos. 11 and 12 have low vield strengths. 


Table 3 
CasTING ALLOYS USED 


Minimum Values 


Yield Tensile 
Alcoa Strength, Strength, Elongation, 
Alloy Number Ib. per sq.in. lb. persq.in. per cent in 2-in. 
2 17,000 25,000 1.0 
1] 45 not req’d. 19,000 1.5 
12 43 not req’d. 17,000 3.0 
14 356T6 20,000 30,000 3.0 
Typical Values 
2 (as cast) 20,000 33,000 2.5 
2 (as stress rel. at 
450°F. for 5 hours) 18,000 33,000 2.5 
1] 45 10,000 21,000 5.0 
12 43 8,000 20,000 7.0 
14 356T6 23,000 33,000 4.5 


ANALYsIS OF HEATs 

9. To cover the range of properties to be expected, two series of 
heats have been selected for complete detailed presentation. Heat 
40L, represents the low end of the composition range expected, cover- 
ing both major elements and impurities. Heat 40M represents low 
impurities with average copper and silicon. Heat 40K covers aver 
age copper and silicon with high impurities, and 40D represents 
a heat containing excessively high magnesium. Table 1 gives the 


analvses of these heats. 


* A Sperry alloy 17 per cent zinc, per cent copper, remainder aluminum 
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(ee 40L: Heat at 
0.027% Magnesium ) [ 0.08% Magnesium 
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ric. 1—Errect of HEAT TREATMENT ON ALLOY No. 18. 


10. Secondary aluminum alloys, in general, as-cast, have quite 
low elongations. Typical values in this respect as-cast and one week 
old are 2 per cent. This may be detrimental in straightening of 
castings prior to machining, resulting in some cracks, or at least 
straining the casting to a point where it might be endangered dur- 
ing its service life. A further objection to a strained casting 1s the 
tendency to distort during machining operations. 

ll. A large number of the alloys now in use, particularly alloy 
No. 14 and the secondary alloy, contain age hardening constituents. 


These result in changing physical properties and may affect dimen- 
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sions over a long period of time following casting. Stress relieving 
or solution heat treating and artificial aging, satisfactorily prevent 
this condition. It is necessary to take reasonable precautions in 
the use of a new material and the possibilities of using heat treat 
ment in this respect have been carefully considered. The results of 


this investigation are shown graphically in Fig. 1 


Heat Treatments 

12. The possible heat treatments which may be applhed consist 
of annealing, stress relieving, or full solution heat treatment and 
artificial aging. Figure 1 shows results obtained for the extreme 
ranges of analyses utilizing these three treatments. The eyeles 
used are shown in Table 4. The vield strength, tensile strength 
elongation, and hardness are markedly affected by these three 
treatments. Annealing, regardless of analysis, tends to result in 
low yield strength, low hardness, and also tends to lower the tensile 
strength and increase the elongation. The tendeney toward raising 
the elongation is only perceptible with low impurities. By com 
parison, both stress relieving and solution heat treating and arti 
ficial aging result in higher vield strength, tensile streneth, and 
hardness, and only slightly lower elongation in the case of the stress 


relieving. 


Table 4 


Heat TREATMENTS Usep 


Tireatme nt T¢ nip. F. Time 4 his. 

Annealing 750 l Air Cooled 

Stress Relieving 450 5 Air Cooled 

Solution H. T. and Artificial Aging 950 15 Water Quench 
followed by 320 3 Air Cooled 


13 It has been proved that stress relieving satisfactorily re 
lieves casting and cold working stresses and also eliminates the 
possibility of further age hardening due to precipitation. 

14. In Sperry equipment, a reasonably high vield point is a 
basic requirement, and it is believed that 15,000 p.s.i. is a reason 
able minimum figure. This is 75 per cent of that obtained on alloy 
No. 14, twice that obtained with alloy No. 12, and 50 per cent high- 
er than alloy No. 11. Sperry alloy No. 2, which has been considered 
satisfactory for many years, in the stress relieved condition, results 
in a vield point of approximately 18,000 p.s.i., which is an average 
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figure. Referring again to Fig. 1, it can be seen that. reeardless 
of composition, a 15,000 p.s.i. minimum yield streneth can be 
achieved by the use of a stress relieving treatment and that other 
properties appear satisfactory. It is also evident that if the solu- 


tion treatment and artificial aging procedure were to be used. 


more specific control of the magnesium content would be required, 
resulting in more difficult operation, particularly in sub-contrae 
tors’ foundries 
Heat Number 40L 40M 40R 40D 
Magnesium, per cent 0.02 0.04 0.08 0.41 
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Fic. 2—EFFECT OF MAGNESIUM CONTENT ON THE PROPERTIES DEVELOPED BY ALLOY No. 18 
ArTeR Beinc Cast AND Stress RevLievep AT 450°F. ror 5 Hours. 
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Effect of Magnesium 


15. Consequently specific attention was paid to stress relieved 


properties. Figure 2 presents this graphically in connection with 


the effect of magnesium. It should be pointed out that the last 


column, heat 40D, is outside the limits of our proposed specifica- 


tion. It will be seen from this chart that throughout the range of 


analyses which we intend to employ, satisfactory physical prop- 


erties can be obtained. 
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STVeSS-STrdGI Data 


16. Figure 3 gives the stress-strain data on all the aluminun 
allovs investigated up to the breaking point. It will be noticed 
that the straight silicon allovs show higher elongations and lowe1 
streneths than alloys Nos. 2, 14, and 18. We are, however, more 
interested in the portions of the curve representing elastic deflee 
tion. This section of Fig. 3 has been enlarged to form Fie. 4. The 


allov No. 14 curve is the highest of the eroup. The alloy No. 2? 
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urve falls between two curves representing average and minimum 
results on the new alloy No. 18, whereas the silicon alloys Nos. 11 
ind 12 fall below this range. This would tend to indicate that the 
elastic properties of the new secondary alloy will be as satisfactory 
is those of our present alloy No. 2. Curves for both alloys repre 


sent the stress relieved condition. 


Other Prope rties 

17. On the basis of the castings which were made, satisfactory 
foundry properties in the range covered by our analysis are as 
sured. Machinability appears satisfactory so far as can be learned 
from the castings which have been processed. There has been in 
sufficient time to complete tests on the shock resistance of this 
material. 

18. Alloy No. 18 anodizes very well by both sulfuric acid and 
chromic acid processes. Salt spray testing is, at the time of the writ 
ing of this paper, incomplete. However, samples anodized by both 
sulfuric and chromic acid methods show no signs of corrosion in 
20 per cent salt spray after 720 hours in the case of the sulfuric 


acid process, and 300 hours in the case of the chromie acid process 


Air-Hardening Properties 

19. It was found that alloy No. 18 air-hardens after casting, 
the degree of air-hardening being greater the higher the magnesium 
content. This air-hardening adversely affects the ability of a cast- 
ing to stand straightening, and, as a result, straightening must be 
done before much air-hardening has occurred. In the range of 
0.01 to 0.10 per cent magnesium, this means before the casting has 
aged one week. 

20. Table 5 shows the effect of air-hardening on the mechanical 
properties of material having 0.01 to 0.10 per cent magnesium 
It also gives a comparison of various air-hardening properties and 
those obtained by heat treatment for 1 hour at 750°F. and for 5 
hours at 450°F. It will be noted in the chemical analvsis of heat 
40Q (the material having 0.01 per cent magnesium) that the 
copper is 4.12 per cent and the silicon is 2.15 per cent. A rather 
complete investigation of material having these copper and silicon 
contents has been carried out, the results of which are not given in 
detail in this paper. The results of heat 40Q are presented because 
this heat has the lowest magnesium content of any secondary metal 


investigated. 
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ii 
Table 5 
Errect oF MAGNESIUM ON AtR-HARDENING PROPERTIES 
Yield Tensile Elonga- 
Strength, Strength, tion, Brinell 
Heat lb. per lb. pei per cent Hardness 
Vi Treatment sq. in. Sq. in. in 2-in. No. 
‘ } 13,810 26,890 2.5 62 
10 P 1 day old ) 15,780 26,490 2.5 63 
“' ae } 18,300 28,820 2.5 71 
; / 18,600 27,650 2.5 72 
“eee { 18,480 28,710 2.5 72 
a ill / 18,080 28,740 2.5 74 
20,480 25,350 5 73 
j 4 rontl ri¢ ja 4 7 ~ 
10 P 1 month old ) 18,800 27,570 2.0 74 
‘ » 4 r , } 20,970 29,500 1.5 75 
lol S ¢ 490 . - eS a 
wr Snours at 60" 5 | 22,430 29,250 1.5 77 
_ , { 11,270 25,560 3.0 61 
oF nou F ioUu Ff, pd . pe > 
oP 1 hour st 7501 / 11,950 24,130 2.5 62 
2,830 25,650 4.0 60 
10 Q 1 day old j 12, penny a ; 
: ae ) 12,030 25,310 3.5 60 
2,880 26,500 3.0 65 
40 ( 1 week old } 12, 26,6 
: en i 14,360 26,500 3.0 65 
10 Q 2 weeks old } 16,000 23,950 2.5 66 
" e ‘ ) 15,660 26,750 3.0 66 
3,5 27,570 2.5 68 
0Q 1 nth old } 16,540 21,04 Z.t 26 
4 ? mon h ol ) 17.130 27.416 25 67 
. meee 87 27,230 2.0 6 
10 Q 5 hours at 450°F. ) 16,870 a 1 aol ~ se 
: ) cata ) 18.230 27,720 2.5 67 
10 Q 1 hour at 750°F } 11,130 22,740 3.0 58 
j / 11,930 25.360 4.0 60 


Wie rostructure 

21. The microstructure of alloy No. 18 was examined to deter 
mine if any correlation could be found between microstructure 
and mechanical properties 

22. Figure 5, at 100x, shows the microstructure of a test bar 
of heat 40K, two weeks old. This is the typical strueture of alloy 
No. 18. Room temperature aging or heat treatment at 450°F. has 
no effect on this microstructure. 

23. Figure 6, at 100x, shows the microstructure of a test bar of 
heat 40B containing 0.16 per cent magnesium. This needle-like 
structure has been noted on the examination of several brittle ceast- 
ings that have broken in straightening. All of these castings con- 
tained magnesium in excess of 0.10 per cent. 

24. Figure 7, at 500x, is the same as in Fig. 6. This shows that 
the needle-like structure is caused by the presence of narrow plates, 


the composition of which is unknown to the writer. 


20. Figure 8, at 500x, shows alpha-iron-aluminum-silicide serip 
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Fic. 5—MICROSTRUCTURE OF Heat 40K, Two WeeEKS OLD, 100x 


present in heat 40D. The presence of a large amount of this mate- 
rial lowers the ductility of the metal but to a lesser extent than 
results from the presence of the needle-like structure caused by 


excessive Magnesium content. 


CONCLUSIONS 


26. It has been found that, with proper foundry technique and 
care, satisfactory castings can be produced from alloy No. 18 hav- 
ing a basic composition of 3 per cent copper, 4 per cent silicon and 
0.10 per cent maximum magnesium. An alloy having a basic com 
position of 4 per cent copper, 2 per cent. silicon and 0.10 per cent 
maximum magnesium is much more available in the market, has 
nearly the same mechanical properties and foundry characteristics, 
but does not lend itself so well to the casting of exceedingly intri- 


cate parts. 
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27. The most important mechanical property to be considered 


in changing from a primary alloy to a secondary alloy is yield 
strength, and every effort should be made to evaluate vield strength 
in physical testing of secondary alloys. 

28. A minimum elongation of 1.5 per cent has been found to be 
essential in the production of useful castings. This is predicated 
on what is required of the metal in use, rather than on what can 
be easily obtained from the metal in the foundry. 

29. The T6, or high temperature solution heat treatment, is not 
recommended for the copper-silicon type secondary metal. This 
type of heat treatment will give great variations in mechanical 
properties as the result of the large variation in the amount of im- 
purities that may be present. A simple heat treatment of 5 hours 
at 450°F., followed by cooling in still air, is reeommended as the 
best possible heat treatment for this alloy. This treatment will con 
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Fic. 6—MICROSTRUCTURE OF HEAT 


40B CONTAINING 0.16 Per CENT MAGNESIUM, 100x. 
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Fic. T—SAME AS Fic. 6, BUT AT 500x 


sistently result in a yield strength of over 15,000 p.s.i. and will 
give much less variation in mechanical properties as affected by 


impurities present. 


CHANGE-OVER DIFFICULTIES 





30. There are many difficulties to be overcome in the foundry 
when changing from primary alloys to secondary alloys of the 


copper-silicon type. They are listed as follows: 


A) Dross and Oxide Inclusions 

Secondary aluminum may contain more oxides than primary 
metal. The effects of these oxides, namely, lower ductility, can 
be kept to a minimum by the use of proper fluxes in melting. 
Any of a number of commercial fluxes will do. All gates and 


risers must be remelted and cast into ingots before being reused. 
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B Vagnesitum Contamination 

Magnesium is the most harmful impurity present in alloy No 
Is. The top limit has been set at 0.10 per cent. This is the abso 
lute top limit that can be tolerated, and every effort must be 
exercised to prevent the contamination of alloy No. 18 with other 
magnesium bearing alloys. The remelt ingot must be analyzed 


rer magnesium 


e; Inereased Shrinkaae 

Alloy No. 18 shows a greater tendency to shrink from the 
liquid to the solid than do the silicon alloys. Risers and chills 
are very effective with this alloy and must be used in greater 
abundance. Great care must be used in changing to alloy No. 18 
to see that enough additional risers are used to produce solid 


eastings 





Fic. 8—MICROGRAPH SHOWING THE ALPHA-IRON-ALUMINUM-SILICIDE PRESENT IN HEAT 
40D. 500x. 
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dD Grain Coarsening 

Alloy No. 18, like many other aluminum alloys, is subject to 
grain coarsening when poured at high temperatures, which in 
turn results in lower ductility. As alloy No. 18 has very little 
ductility when properly made, every care must be taken not to 
overheat the metal and to use such gating as to make possible 
the pouring of the castings at the lowest possible temperature 
Good results have been obtained by not exceeding 1350°F. 


E Low Ductility As Affecting Straightening 


Castings of alloy No. 18 can be properly straightened. How 





ever, this alloy air-hardens for about a month after casting. In 
a month, the yield strength will increase from about 12,000 p.s.i., 
as-cast, to about 20,000 p.s.i.; and the hardness will increase from 
about 60 to 70 Brinell. Most of this hardening occurs in the 
first week. Therefore, castings should be straightened as soon as 
possible after pouring. After straightening, castings should be 
stress relieved for 5 hours at 450°F. This causes the alloy to 
become fully hardened and relieves stresses due to straightening. 
Castings cannot well be straightened after this heat treatment. 
Every effort must be made to have the castings properly straight 
ened before they are heat treated; otherwise, if straightening is 
required at the time of machining, many cracked castings will 
result. 


CONTROL OF SECONDARY MATERIAL 


31. Remember that so-called ‘*secondary’’ does not mean ** pots 
and pans.’’ It is an alloy which is a compromise between many 
factors, chiefly availability and mechanical properties. As such, 
it must be treated with respect and more carefully handled than 
primary materials. Therefore, these are the important points: 


(A) Analysis must be controlled. 

(B) Melting practice must be better than average. 

(C) Molding should be liberal in use of risers and chills. 
(D) Straightening must be carefully and completely done as 


soon as possible after removal from the sand. 
(E) To insure satisfactory performance, castings must be 
stress relieved but cannot be straightened after this treatment. 


32. The difficulties encountered in the foundry in the use of 


secondary alloy, as listed above, should be given every consideration 











7TR2 SECONDARY ALUMINUM FOR SAND CASTINGS 


by the designer of parts to be cast from this alloy. Every effort 
should be made to design parts requiring a minimum amount of 


straightening or bending in fabrication and use. 
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DISCUSSION 


Presiding: W. J. Latrp, Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 

Co-Chairman: Wn. ROMANOFF, H. Kramer & Co., Chicago, II. 

CHAIRMAN LAIRD: The most striking thing that occurred to me in con- 
nection with the possibilities of wider application of secondary aluminum 
to war castings was concern about what strides we are making in hav- 
ing government specifications altered from a chemistry standpoint. 
Despite the fact that we may be able to obtain and exceed certain mini- 
mum physical properties, the properties demanded are such that the ap- 
plication of secondary aluminum to war goods must be accompanied by 
the alteration of the chemistry of the specifications. Can you give us 
any information along that line? 

Mr. MARTIN: We can refer you to the chemical specification that we 
have given in the paper, namely, copper 2.25 to 3.50 per cent, silicon 
3.25 to 4.50 per cent, iron 0.9 per cent max., manganese and zinc 0.6 per 
cent max., nickel 0.5 per cent max., and magnesium 0.10 per cent max. 
This is quite an open range, and we feel that zinc is the least harmful of 
all impurities. Heretofore, it has been iimited to 0.03 per cent in most 
government specifications. As pointed out in the paper, magnesium is 
most harmful and must be kept under 0.10 per cent. 

The Navy has added an A specification to each class of their 46A1 
sand cast specification, so we now have a class 2A, 3A and 4A in which 
the major elements remain the same, and the impurities are listed as 
being of the same order as in our alloy No. 18 specification. Two per 
cent copper max. has been added to the class 3A material of 7 per cent 
silicon and 0.3 per cent magnesium. It is necessary that any secondary 
alloy contain not less than 2 per cent copper because so much scrap is 
copper bearing. 

D. V. Lupwie!: At a conference between Navy officials and foundry- 
men, it was decided to use 4A which is the 195 type of alloy, unheat- 


Capitol Foundry Corp., Long Island City, N. Y. 
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reated. In type 4A alloy, the silicon has been raised to 2 per cent to 
nake it obtainable. The copper has been dropped to as low as 3.50 per 
ent. The zinc has been raised to 1 per cent, the iron to 9 per cent, the 
nanganese to 0.6 per cent and the magnesium has been limited to 0.1 
ver cent. Magnesium is considered the most critical element involved. 

MEMBER: Can the 4A unheat-treated alloy be substituted for 195 in 
ill cases? 

Mr. Lupwic: In all cases, except aircraft. It is ship-board material. 
The possibility of substitution throughout on all specifications is being 
onsidered. 

MEMBER: What are the particular characteristics of the 17 per cent 
zine alloy, and how do the smelters reduce the magnesium from 1 to 0.1 
per cent? 

Mr. MARTIN: The 17 per cent zinc alloy is a high strength alloy that 
requires no heat treatment to improve the physical properties. This 
alloy, when properly made, will have, in the cast condition, a yield 
strength of from 20,000; to 30,000 lb. per sq. in., and a tensile strength 
of from 30,000 to 40,000 lb. per sq. in., with a spread of at least 10,000 
lb. per sq. in. between yield and tensile strength. It has better foundry 
characteristics than the 4.50 per cent copper alloy, and the best machina- 
bility of any cast aluminum that has ever been used by our company. 
When properly anodized, its corrosion resistance is satisfactory. Its 
drawbacks are that it becomes very brittle if magnesium exceeds 0.05 
per cent, or it becomes very hot short if lead exceeds 0.05 per cent. 

We do not know how the magnesium is removed by the secondary 
smelters. 

Mr. Lupwic: The smelters use chlorine for the removal of magnesium. 

MEMBER: It seems to me that we may have a considerable source of 
supply of the alloy of Federal specification 591, and it may be the only 
material available for certain classes of work. 

Mr. MARTIN: Specification 591 is one being drawn up to allow from 
about 2 to 5 per cent copper and 2 to 5 per cent silicon. This would per- 
mit the foundry to use either an alloy of our No. 18 type or the Navy 
class 4A type. It is not the intention of the author of this specification 
that any chemical composition within these limits will meet the required 
physicals. There is objection to this type of a specification on the basis 
that the foundry might not know this and, as a result, make a great 
many castings that are not usable. A better specification of this type is 
the one drawn up by the Frankfort Arsenal which requires no chemical 
limits but gives limiting physical requirements. 

MEMBER: What effect will the 2 per cent copper have on the 356 
metal? 

Mr. MARTIN: We found that if it were heat treated with Alcoa 356, 
i.e., Navy class No. 3 material, it would be completely burned. By using 
a solution temperature of around 930°F., we obtained a product with 
around 33,000 lb. per sq. in, tensile strength and some elongation right 
after quenching, that is, in the T4 condition. However, after artificial 
aging at 320°F. for three hours, i.e., the T6 heat treatment, we got 
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about 40,000 lb. per sq. in. yield strength and 40,000 lb. per sq. in. ulti 
mate strength with no elongation. This is a very brittle condition and 
should be avoided. Leaving it in the T4 condition is not the solution to 
the problem because the metal will eventually acquire T6 properties by 
room temperature aging and, at the same time, do a certain amount of 
distorting. 

MEMBER: Have you experimented with secondary aluminum in con- 
formance with specification 355, 0.4 to 0.6 per cent magnesium? 

Mr. MARTIN: Alcoa 355 and Alcoa 356 are very much alike. The onl; 
work we have done has been on the alloy mentioned before. We have 
been advised by the Aluminum Conservation Section and the Aluminum 
and Magnesium Division of the W.P.B. that there is no point in using 
secondary silicon alloys as these alloys, even when made from scrap, can 
hardly be classified as secondary metal at this time. 

D. L. LONGEUVILLE?: How much consideration was given to tempera- 
ture in pouring the castings which cracked in straightening, due to the 
magnesium content? 

Mr. MARTIN: They were melted under good control and poured at 
1250°F. That is not the only case where this alloy with high magnesium 
has caused cracking in straightening. The magnesium drops the elonga- 
tion to about 0.5 per cent, and it is not possible to consistently straighten 
castings with so little ductility. 

Mr. LONGEUVILLE: What about the zine content? 

Mr. MARTIN: We think zine is harmless up to about 17 per cent and 
believe the limit is that amount which will introduce hot shortness. This 
apparently is quite high. 


2 Wright Aeronautical Corp., Cincinnati, O. 








Report of the Subcommittee on Sintering Test, 
Foundry Sand Research Committee, 1941-1942 


By J. B. Camwre*, LocKLtanp, Onto 


The work of the Subeommittee on Sintering Test, Foundry Sand 
Research Committee during the past year has been not only a 
continuation of the previous work of standardizing the test itself, 
but also some work has been done in correlating the test with the 
behavior of the sand in the foundry. During the year 1940-1941, 
the prime interest of the committee was in standardizing the test. 
The results of this standardization and the changes in the pro- 
cedure for making this test have been reported to the Association 
in a progress report’. 

These changes in the procedure may be summarized briefly as 
follows: The load on the specimen and the time element, especially 
on cooling, have been specified exactly, as these two variables are 
shown to have an effect on the sintering points, especially the ‘‘A”’ 
point. Definite end-points have been established for determining 
the sintering points, to eliminate the human variable in determin- 
ing when the sand has ‘‘ burned fast’’ to the ribbon, as was speci- 
fied in the previous procedure. This point has been the main 
reason for the variations in the sintering point that have been re- 
ported on the same sand in the past. 


Suggested Improvements in Apparatus 

Two improvements in the sintering apparatus’ have been sug- 
gested this year. When testing sand containing combustible ma- 
terial, if smoke is generated, it can interfere with the optical py- 


* Metallurgist, Sawbrook Stee] Casting Co. and Chairman, A.F.A. Foundry Sand Re- 
search Sintering Test Subcommittee. 

1 Progress Report of Sintering Teat Subcommittee, Foundry Sand Research Commit- 
tee, TRANSACTIONS, American Foundrymen’s Association, vol. 49, pp. 552-568 (1941). 

Note: This report was presented at a Sand Research Session of the 46th Annual 
A.F.A. Convention, Cleveland, O., April 23, 1942. 
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rometer readings, giving false low temperatures. The newer ap 
paratus on the market is ventilated. Some provision for ventila- 
tion should be made in the older types if the sand being tested 
venerates much smoke. Simply leaving the door open in the older 
models works fairly well if no direct light falls on the platinum 
ribbon 

Last vear, it was found that bending the braided copper leads to 
the ribbon holder can vary the load on the specimen and cause a 
variation in the sintering points, especially the ‘‘A’’ point. If a 
little care is taken to keep these leads straight, no difficulty will be 
neountered. However, much smaller and more flexible leads can 
he used and still carry all the current required, such as ordinary 
extension cord wire with the insulation removed. With these 
smaller leads, it is impossible for the leads to change the load on 
the specimen and all that is necessary is to be sure that the ribbon 


is centered on the sand specimen. 


Vew Worl 

Last vear, three simple bentonite-silica sand mixes were sent to 
subcommittee members for standardization. The ‘‘A’’ and ‘*B”’ 
points reported, all checked, except in one case, to within plus or 
minus 25°F. One member reported ‘‘A’’ points 100 to 200°F. 
lower than the others. The reason for this variation was found, 
on later investigation, to be due to a variation in ribbon thickness, 
so the ribbon dimensions have been standardized as °4 x 2 x 0.002 
in 

This year three more sands were sent to subcommittee members 
for further standardization. These sands were (1) a typical steel 
facing sand, (2) a typical iron sand and (3) a non-ferrous sand. 
These sands were selected not only to represent the three branches 
of the foundry industry, but also for their difficulty. 

These sands show all the difficulties that were encountered in 
the sintering point investigations last year. For example, it is 
very difficult to determine the ‘‘A’’ point of this particular steel 
sand by the ‘‘V’’ method, as this sand is very friable after heating. 
The iron sand has such a high retained strength after heating that 
the **B’’ point cannot be determined by the scraper method, but 
must be determined by visual examination. Even with all these 
difficulties, the subeommittee is able to check the sintering points 
of these sands to within plus or minus 25 to 45°F. in all but one 


case, as shown in Table 1 
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Table | 


SINTERING PoINTs DETERMINED ON SAME SAND BY DIFFERENT 
LABORATORIES 


Steel Facing Sand Iron Sand Non-Ferrous Sand 
“A” point, “B” point, “A” point, “B”’ point “A” point, “RB” point, 
°F. oF. F oF “- oF 
Griffir 
Wheel Co., 2300 2925 2260 2475 2050 2250 


K. J. Jacobson 


Hougland & 
Hardy, Inc., 2300 2935 2250 None 2100 2975 
L. B. Osborn 


Bureau of 
Standards, 2250 2060 2010 
C. M. Saeger, Jr. 


Naval Research 

Laboratory, 2300 2900 2050 2400 None 2200 
H. F. Taylor 

Sawbrook Steel 

Casting Cvo., 2250 2875 2100 2450 2050 2250 


J. B. Caine 


+100° 2450+35 2050245 22502°35 


Average 2275+ 25 290030 21 


Mr. Saeger also checked the ‘‘A’’ points of these sands using a 
thinner platinum ribbon 1% x 2x 0.001-in. with the following re- 
sults : 


Ste el Facing Sand lron Sand Non-F'e rrous Sand 
2060°F. 1925°F. 1970°F. 


As can be seen by comparing these results with those in Table 1 
using the 0.002-in. thick ribbon, decreasing the ribbon thickness 
from 0.002 to 0.001-in. lowers the ‘‘A’’ sintering point from 80 
to 215°F. This point exemplifies the extreme care that must be 
taken in all the details of the test if reproducible results are to be 
obtained. This poini cannot be emphasized too strongly, as we 
can never hope to establish definite melting and sintering points 
for any system involving silica, because there appear to be none. 
All we can hope to do is to establish more or less arbitrary points 
that can be duplicated and that can be correlated with the behavior 
of the sand in the foundry. 


Reasons for Reporting Two Sintering Points 

This last point expresses an underlying thought that runs 
throughout this work. Just what does the sintering test tell us 
about the behavior of the sand when it comes in contact with molten 


metal. This thought is the reason for incorporating two sintering 
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points in the revised procedure, instead of one as in the earher 
procedure Some of the members of the subcommittee, especially 
those in the west, claimed that the low temperature —" point, 
when the sand just starts to stick to the ribbon under very eare- 
fully controlled conditions, did not give the information that they 
required. This point occurs at temperatures lower than the pour- 
ing temperatures of iron and steel 

They proposed another point, or ‘‘B*’ point, that is the tem 
perature when the smaller grains can be seen to start to fuse at 
low magnifications. Then, to eliminate the human variable in any 
visual examination, this point was correlated with the amount of 
work required to remove the sand from the platinum ribbon. It 
was found that it requires 50 passes of a seraper under a 4 oz. 
load to remove the sand from the ribbon at this temperature. De 
tails regarding these procedures can be found in last vear’s re 


port’ ol the subcommittee 


Investiaalion al Meaning i} SiuLErTiunNgG Points 


These points were called the ‘‘A’”’ and ‘*B”’ points not only to 


avoid confusion, but also because no one was sure as to just what 
was occurring at these points. In an effort to find out, a sand was 
heated under the platinum ribbon for 4 min., as specified in the 
sintering test procedure, increasing the temperature each time 
100°F. from 2200° to 3000°F. The ribbon then was stripped from 
the sand specimen and the surface examined at x25. 

After cooling, the sand was saturated with ‘‘ Bakelite Resenoid”’ 
so that it could be polished and examined. The photomicrographs, 
shown in Figs. 1 to 10, illustrate what is happening to the sand. 
The sand is the steel facing sand similar to sand No. 1, the base 
sand of which is a crude Ohio sand containing 97 per cent silica 
and with an A.F.A. fineness number of 56. Two per cent bentonite 
has been added. The green permeability is 160. The ‘‘A’’ sinter- 
ing point was found to be 2400°F., the ‘‘B’’ point 2850°. Oblique 
illumination is used in Figs. 1 to 10 inelusive, so the sand grains 
are light, the voids dark 

Figure 1 shows the sand as rammed. No heat has been applied 
to this surface. Figure 2 shows the surface in contact with the 
platinum ribbon for 4 min. at 2200°F. There is little difference 
between this surface and the as-rammed surface shown in Fig. 1. 
The same is true of Figs. 3, 4, 5, 6, and 7, of the sand at 2300°, 
2400", 2500°, 2600° and 2700°F., although we have gone through 
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the ‘‘A’’ point at 2400°F. The only change, if any, is a slighi 
rounding of the corners of the smaller grains as the temperature is 
increased. 

Ss, a few of the smaller grains can 


At 2800°F., as shown in Fig 
At 2900°F.. 


be seen to have started to fuse onto the larger ones 





Fic. 9—Torp—SuRFACE IN CONTACT WITH PLATINUM RIBBON AT 2900°F., x25, OBLIQuE ILLU- 
MINATION. ONE-HUNDRED-TEN (110) PASSES REQUIRED TO ReMoOvE SAND. Fic. 10—Bor- 
SURFACE IN CONTACT WIfH PLATINUM RIBBON AT 3000°F., x25, OBLique ILLUMINA- 


TOM 
TION. SAND CANNOT Be ReMoOveD FROM RIBBON MECHANICALLY 
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in Fig. 9, at least half of the grains have fused and run together, 
and finally at 3000°F., in Fig. 10, the surface of the sand is com 
pletely molten and no individual grains can be seen. The ‘‘B’’ 
point of this sand as determined when 50 passes of the scraper are 


required to remove the sand from the ribbon is 2850°F. 


Explanation of Behavion 

It would seem from these photomicrographs that no change has 
oceurred in the sand grains as units until temperatures much above 
the ‘‘A’’ sintering point are reached. This is logical if one con- 
siders each individual sand grain to be heterogeneous. The center 
core is composed of practically pure silica with a high sintering 
point, and this core is coated with a material that not only has a 
lower sintering and melting point, but is almost always able to 
flux the silica forming silicates that have even lower melting and 
softening points than the two original components. 

The ‘‘A’’ sintering point then is the point where the coating on 
the sand grain has sintered and softened enough to adhere to the 
platinum ribbon with sufficient force to bend it when it is lifted. 
The sand grain as a whole has not been changed. This point is 
the melting or softening point of the clay substance on the surface 
of the sand grains. The foree required to remove the sand grains 
from the ribbon at this temperature is very small. They can be 
rubbed off the ribbon with the finger. 

As the temperature is increased, there is very little change in 
either the appearance of the sand grains or the force required to 
remove the sand from the ribbon until the ‘‘B’’ point is ap 
proached. Here, definite fusion of the smaller grains as units can 
be seen under the microscope and the energy required to remove 
the sand from the ribbon increases rapidly. At temperatures 
slightly over the ‘‘B’’ point, the sand cannot be removed from the 
ribbon mechanically. The ‘‘B’’ point is then the point of incipient 
fusion of the sand grains as a whole. It is not a true melting 


, 
4 


point as silica melts over a wide range of as much as 400°F., de- 


pending on a number of variables. 


Correlation of Sintering Point with Foundry Practice 

In an effort to see if the sintering points can be correlated with 
the behavior of the sand when it comes in contact with molten 
metal, standard 2-in. round A.F.A. test specimens of the three 


sands studied this vear were rammed in a mold and the mold filled 








Fic. 11—Torp—Surrace or Stee. SAND No. 1 IN CONTACT WITH MOLTEN STEEL AT 2975°F., 
x25, OBLIQUE ILLUMINATION. Fic. 12—Bottom—Surrace at RIGHT ANGLES To SAND 
Meta INTERFACE, Steet SAND No. 1, x25, VeRTICAL ILLUMINATION. No PENETRATION. 


with steel at 2975°F., making a 4-in. square section. This is, of 
course, a much too severe test for the iron and non-ferrous sands, 
but gives an exaggerated picture of what occurs at high pouring 
temperatures and, because it is exaggerated, clearly shows what 
happens. 

Figure 11 shows the surface at x25 of the steel facing sand in 
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contact with the metal at 297)5°F As can be seen, the surface of 
even this high sintering point sand shows a great deal of fusion. 


The amount of fusion lies, as it should, between the amount of 


fusion shown by this sand when in contact with the platinum rib- 


bon at 2900° and 3000°F. in the sintering apparatus (Figs. 9 and 
10 Note the voids between the sand erains, the dark areas, as 


ae ye oe ay Be 


jo 





Fic. 13—Torp—Surrace or Ikon SAND No. 2 IN CONTACT WitH MOLTEN STEEL AT 2975°F., 


x25, OBLIQUE ILLUMINATION Fic. 14—Bottom—SurFace AT RIGHT ANGLES TO SAND 
MeTAL INTERFACE, IRON SAND No. 2, x25, VERTICAL ILLUMINATION. PENETRATION, 0.064-IN. 
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Fic. 15—Torp—SurFace oF Non-Ferrous SAND No. 3 IN CONTACT WITH MOLTEN STEEL AT 
2975°F., x25, OBLique ILLUMINATION. Fic. 16—-BotTTtoM—SAME SURFACE AS SHOWN IN 
Fig. 15, But aT x1.5. 


we will be referring to them later. These voids are about the 
same size as those in the as-rammed surface in Fig. 1. 

Figure 12 shows a section through the sand-metal interface of 
this sand. Unfortunately, the reflectivity of sand and metal are 
so different that the same type of illumination cannot be used for 
both sand and steel, so in this photomicrograph, vertical illumi- 
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nation must be used instead of oblique, as used in the previous 
photomicrographs, and the light and dark areas are reversed, the 
steel light, the sand dark. This sand peels perfectly from the 
casting on shakeout, the surface tension of the steel at this pouring 
temperature is high enough so that there is no penetration into 


the voids and the surface of the casting is fairly smooth. 

Figure 13 shows the surface of the iron sand in contact with the 
steel at 2975°F. Although this sand is much finer than the steel 
sand and has a green permeability of 19, voids have started to 
open due to fusion. They are as large, if not larger, than those 
in the steel sand. Figure 14 shows the section at right angles to 
the sand metal interface, using vertical illumination. This sand 
was hard to remove from the casting. It not only fused to the 
surface of the steel tightly enough to cause some difficulty in 
cleaning, but the metal also has penetrated the voids that have 
opened due to fusion and has ‘‘keyed’’ some of the sand to the 
easting. This ‘‘keyed on’’ sand is extremely difficult to remove. 

Figure 15 shows the surface of the non-ferrous sand in contact 
with the steel at 2975°F. The sand has fused completely, and in 
doing so, has opened up enormous voids, although the original 
permeability of this sand was only 11. This photomicrograph at 
x25 only shows a neck of sand in between two of these voids. To 
see these voids, a much lower magnification must be used, so Fig. 
16 shows this same sand at x].5. The 2-in. diameter core is simply 
honeycombed with voids, some of them of 14-in. diameter. 

Then, as would be expected, the metal has penetrated these 
voids, keying the sand onto the casting. Figures 17 and 18 show 
a section at right angles to the sand-metal interface, illustrating 
this penetration at x25 and x1.5, respectively. The sand has not 
only fused to the metal, but the metal has penetrated the sand as 
much as 3/16-in. 


How Voids Open 

The reason that voids do open up when sand fuses is undoubted- 
ly the inerease in specific gravity or density of fused silica or 
silicate when compared with a mass of individual sand grains. 
The non-ferrous sand has a specific gravity of 1.70, whereas fused 
silica has a specific gravity of 2.65. This increase in specific 
gravity would mean that the fused sand would only occupy 64 
per cent as much space as the unfused sand, the difference, 36 
per cent, can only be voids. 








7 
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B. CAINE 


This matter of penetration, whether it be due to fusion or be me 
hanieal due to teo large voids present in the sand as-rammed, 


seems to be a major factor in the problem of ‘‘burnt on sand’’ in 
However, there are so many other vari- 


ron and steel foundries. 
ables that enter into the picture that no definite conclusions ean 


he drawn at present 
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Fic. 18—Bortom 


SURFACE 
PENETRATION 0.187-IN. 


Fic. 17—Tor 
Sano No. 3, x25, VERTICAL ILLUMINATION. 
IN Fic. 17, But aT x1.5. 


OK ne OF 
. ey 3 ae 
NoN-FERROUS 


AT Richt ANGLES TO SAND METAL INTERFACE, 
Same SuRPACE AS SHOWN 
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Sintering Point vs. Contraction 
The sintering point of a sand not only acts independently as one 
factor in determining how a sand peels from a casting, but also 
seems to affect other properties of the sand at high temperatures. 
Woodliff and Dietert have established a definite relation between 
the ‘‘A’’ sintering point and the contraction of the sand when 
heated to 2500°F. in the dilatometer. As can be seen from Fig. 19, 
the contraction decreases as the ‘‘A’’ sintering point increases, and 
approaches zero as the ‘‘A’’ sintering point approaches and ex- 
eeeds POSOO°E 
Respectfully submitted, 
SINTERING TEsT SUBCOMMITTEE, 
FouNDRY SAND RESEARCH COMMITTEE 


J. B. Caine, Chairman. 
H. W. Dietert C. M. Saeger, Jr. 
LL. B. Osborn H. F. Taylor 
W. L. Roueche R. O. Wertz 
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Note: Since the presentation of this report, we have been for 
tunate in having J. A. Rassenfoss of the Ameriean Steel Foundries 
check the sintering points of the same sands shown in Table 1. His 


results are as follows: 


Steel Facing Sand Tron Sand Non-Ferrous Sand 
“A” Point “B” Point “A” Point “B” Point “A” Point “B” Point 
F. F. F. F. F. we 
2313 2925 2255 2480 er 2250 


The results check within the same limit of error as shown in Table 
1. Mr. Rassenfoss and Mr. Jacobson of Griffin Wheel Co. have 
had no previous experience with the committee. The only informa 
tion they had were the published reports of the committee. This 
encourages us to expect. reliable data on sintering in the future if 
every one will follow the procedure as given in the reports of the 
Sintering Test Subcommittee 


Appendix | 


MouNTING or SANDS FOR Microscopic EXAMINATION 


As interest has been shown in the photomicrographs in this 
report, it was thought advisable to include details regarding the 
mounting methods used. It required several months work to find 
a suitable mounting medium and it is hoped that these details will 
save those interested time in working out the details. 

If the only information required is the size and shape of the 
sand grains, the simplest method is to seatter the sand on a glass 
plate, examine or photograph them with oblique illumination. How- 
ever, knowledge of the exact spacing and distribution of the sand 
erains after ramming and after contact with the metal is becoming 
increasingly important. To do this satisfactorily, it is necessary to 
mount the sand specimen and not only hold the specimen together, 


but also to fill the voids so that only one plane can be seen. As the 
depth of focus of any objective is limited, any sand grains that are 
not on one plane confuse the picture. For example, if the surface 
is being examined for fusion, two overlapping grains will look 
exactly as if they have fused together. What has happened is that 
the outlines of the grain that is out of foeus are blurred and look 
like they are fused, whereas in reality they have not. 
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The mounting material then must penetrate all the voids in the 
specimen as well as surround it and hold it together. It also must 
be opaque so that only one plane can be seen. The low melting 
alloys, containing lead, tin and zine, simply will not wet the sand 


specimen no matter how liquid they are. They can be made to sur 
round the specimen, but will not penetrate. Copper will penetrate 
into the sand but has its disadvantages in that it must be heated 
to over 2000°F. to be sufficiently liquid and also because its re- 
flectivity is so much greater than sand that, although these speci- 
mens are satisfactory for visual examination, it is almost impos- 
sible to photograph them. 

At the suggestion of Dr. Ries and Dr. Shaub, a bakelite varnish, 
‘*Bakelite Resenoid,’’ was tried with good results. Its penetrating 
qualities are very good and it can be hardened at 375°F. The pro- 
cedure is as follows: 

Saturate the specimen by immersing it in the ‘‘ Bakelite Re- 
senoid’’ for a few minutes and place it in an oven at 100-110°F. 
with the surface to be examined up. Allow it to come up to tem- 
perature and hold at this temperature for an hour or so. If the 
Bakelite soaks into the sand, add more Bakelite from time to 
time by dropping it on the sand specimen, until there is an excess 
covering the surface. Increase the temperature slowly to 375°F. 
If the temperature is increased too fast the volatile constituents 
will boil and the Bakelite will be full of holes. 

Bake at 375°F. for 36 to 48 hours. Cool and polish like any 
metallographic specimen. Use oblique illumination for sand and 
vertical illumination for sand-metal mixtures. The Bakelite 
will harden after a few hours at 375°F. but will be transparent. 
It requires 36 to 48 hours to get the hard opaque form that is 
desired. 

The ‘‘ Bakelite Resenoid’’ can be obtained from the manufacturer. 
the Bakelite Corp., New York. It is usually more convenient to 
get small quantities from the grinding wheel manufacturer in your 
locality. This is the same material used to bond high speed grind- 
ing wheels 


DISCUSSION 


Presiding: Dr. H. Ries, Technical Director, A.F.A. Foundry Sand 
Research Committee, Ithaca, N. Y. 

Co-Chairman: H. A. DEANE, Brake Shoe & Castings Division, Amer- 
ican Brake Shoe & Foundry Co., New York, N. Y. 

CHAIRMAN RIEs: The Subcommittee on Sintering Test deserves great 
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credit for the tremendous amount of work it has done. The report shows 
the amount of work carried on, and how important it is to get this work 
standardized. There has been a great deal of trouble with the sintering 
test, and different operators have sometimes obtained widely differing 
results. 

H. J. WENDT’: Figure 4 showed a sand that started to sinter; the 
voids got larger. What relation is there between sintering and hot 
permeability? 

Mr. CAINE: I do not know. I would even hesitate to guess. The per- 
meability of the non-ferrous sand after fusion, of course, cannot be meas- 
ured. It must be very high. There is no opening up of voids throughout 
the whole sand specimen, and various sands act differently. Some will 
melt completely at the surface. The sand 1/16-in. back will have the 
original dry permeability. Some will open up for as much as %-in. back 
of the sand-metal surface. Are you speaking of the hot permeability of 
the fused sand or the 2-in. specimen as a whole? 

Mr. WENDT: Both the 2-in. specimen as a whole and what relation 
it would have to the mold. 

Mr. CAINE: The hot permeability will increase. How much, I cannot 
say. I do not think it would be possible to determine it accurately, be- 
cause the specimen is no longer uniform. 

Mr. WENDT: In practice, we have found that sand which sinters will 
cause a number of scales on a large casting, shiny gas pockets, and it 
seems that permeability is retarded before the hot metal. 

Mr. CAINE: It is pretty hard to say anything definite. There are a 
number of sands that fuse and produce a glaze on the surface. In such 
instances, when the glaze is produced, the permeability drops to zero. 
With 50°F. higher temperature, the glaze starts to open up. Then, of 
course, you increase your permeability tremendously. If you can keep 
that glaze from not opening up, you are doing well. You have a wonder- 
ful opportunity to prevent penetration. It has been my experience, per- 
sonally, that it is extremely hard to control that glaze. 

RUSSELL MANLEyY?: What percentage of clay did you have on that steel 
sand? 

Mr. CAINE: Two per cent bentonite was added with 3 per cent colloids 
present in the base sand, making a total of 5 per cent total A.F.A. clay. 

Mr. MANLEY: What were the percentages on the gray iron and non- 
ferrous sands? 

Mr. CAINE: Twenty-seven and 28 per cent, respectively. 

Mr. MANLEY: We have just started some work on naturally bonded 
sands to determine what relationship, if any, exists between the sinter- 
ing point of the new sand and the individual fusion points of the sand 
grains and the clay. We wash the clay from the sand, and then run a 
cone fusion point on the clay by itself and the washed grain by itself. 

We tried a sand with 18 per cent clay, and 85 per cent of the grains 
pure silica. The sintering point on this was approximately 2250°F., but 
the clay bond was completely fused at 2100°F. Observation of the reac- 


1 Rundle Manufacturing Co., Milwaukee, Wis 
2 Manley Sand ©o., Rockton, IIl. 
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tion as the cone comes up to temperature shows that it starts to swell 
and begins to appear foamy as if there were a fluxing reaction occur- 
ring; then the point falls over to indicate fusion has occurred. Then as 
the increase in temperature is continued, the cone becomes more and 
more liquid and starts to stretch out. It finally will become liquid enough 
to pull apart, and the top of it will be carried out by the flame. The 
temperature at which this occurs corresponds roughly to the sintering 
point, and seems to indicate that the sintering point is the point at which 
the hot strength of the clay itself reaches zero. 

Now, when the report of the tests on this sand just mentioned was 
discussed, this question naturally was raised, “If bentonite with a fusion 
point of 2300° to 2400°F. is used as a bond by practically every steel 
foundry in the United States, with the high pouring temperature of 
steel, why is not this bond just as good in comparison for gray iron, 
when the difference in pouring temperature is more than equal to the 
difference in the fusion points of the bonds?” 

My reply was, “Yes, but steel foundries use practically all new sand 
every time, and they only use the sand once. This gray iron sand has 18 
per cent to 20 per cent clay and is used over and over again. The amount 
of clay substance present changes the picture entirely, as there is no one 
that I know of who is using a brand new sand of 18 per cent to 20 per 
cent clay right up against the casting.” 

Microscopic examination shows that even above the sintering point, 
the reaction consists entirely of a fusion of the clay. We need a standard 


clay percentage to run these bonded sands, for we certainly cannot com- 
pare the sintering point of a brand new gray iron or non-ferrous sand 
that is used as an addition to a heap with a steel sand that is to be used 
just as is. The clay is the fluxing agent, and the percentage of unburned 
clay that is present ready to fuse has a tremendous effect upon the 


sintering point. 

Mr. CAINE: Please understand we are not testing the iron sand; we 
are trying to get an exaggerated picture to show something. 

Another thing, the sintering points of the clay substance by itself are 
one thing and the sintering points of the sand-clay mixture are another. 
One reason that the steel foundries use bentonite, as against fire clay, is. 
in my opinion, because it gives a better peel, although the bentonite-sand 
mixtures have lower sintering points than the sand fire clay mixtures. 
Remember, we can have too high sintering points in sand just as well as 
we can have too low sintering points, and it is my firm belief that, in a 
number of steel foundries, the reason they are getting burnt-on sand is 
because of too high sintering points. It is not a matter of high and low 
sintering points; it is a matter of controlled sintering points. We only 
started on this work two years ago. The problem is becoming more com- 
plicated every day right now. Before long, it will clarify itself as we 
get more information. 

L. B. Osporn*: Getting back to Mr. Wendt’s comment about hot per- 
meability, we have observed that the higher sintering point sands do 


Hougland & Hardy, In Evansville, Ind 
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seem to have less tendency to scab and blow. Perhaps that is what you 
are getting at, Mr. Wendt. For example, we have found lots of instances 
where good foundries, working on good practice, were using high sinter- 
ing sands of lower permeability than they formerly used when they were 
using a lower sintering type of sand with a higher permeability and they 
were now getting by with less blowing, perhaps, than they formerly had. 
It is probably due to the fact that the higher the sintering point, gen- 
erally, the lower the temper water at which the sand can be rammed 
and still have sufficient hot strength. 

Mr. CAINE: That is true. The higher the sintering points in the sand- 
clay system, usually the lower the clay. The lower the clay, the less sur- 
face area we have and the less temper water required. That only applies 
to the sand-clay system. Put anything else in the mixture and you have 
to watch out. I have tried it and obtained some very surprising results. 

Mr. OSBORN: I am speaking primarily of the iron and non-ferrous 
metals. Those have been observations pointed out by various customers 
using the higher sintering type sands. 

Mr. CAINE: It appears that clay in the sand does not determine fully 
the sintering point of that sand. It depends upon what type of clay is 
present. In a sand with a given per cent clay, the sintering point may 
vary as much as 400°F., depending upon the type of clay substance that 
is present. 

CHAIRMAN RIEs: Mr. Caine, if you made up two mixtures of the same 
amount of sand and the same amount of clay with the sand differing 
in fineness, would you get the same sintering point? 

Mr. CAINE: No. The fineness of the silica will determine the sinter- 
ing points as much as the clay. In fact, one of the best ways to lower the 
“B” sintering point of the sand is by the addition of minus 200 mesh 
pure silica. It lowers the melting point. Many people say that silica 
flour increases the sintering point. It increases the “A” point, where 
the ribbon first adheres to the specimen, and decreases the “B” point, 
the point of incipient fusion. With 100 per cent silica flour, the sand 
starts to fuse before it sticks to the ribbon. We cannot speak of sinter- 
ing points; we are going to have to speak of “A” and “B” points, because 
the two points mean entirely different things and act entirely different. 





Steel Pouring Refractories in Foundry Practice 


By R. H. Stone*, Swissvaue, Pa 


Abstract 


This paper deals with the design, assemtly and use of 
refractories in steel foundries. The author divides re- 
fractories into two classes, basic and acid. He discusses 
requirements for sleeves and tests made on sleeve bricks. 
He then takes up nozzles and how they are designed, the 
functioning of the stopper head-nozzle combination and 
factors in the wear of nozzles and stoppers. The flow of 
heat in the stopper and the selection and care of stopper 
heads is also discussed. Illustrations of stoppers and 
nozzles of various shapes and sizes, together with effects 


usage, are included. 


1. Judging from observations in many steel foundries, there is a 
wide variation in design of refractories and in the practice of as- 
sembly and use. As the object is similar in all these shops, namely, 
to maintain control over the flow of steel throughout the pour, and 
as the conditions are not too dissimilar, a study of composition and 
design of the refractories may be helpful in improving pouring 


practice 


Basic AND Acip REFRACTORIES 


2. Like the processes for making steel, refractories may be di- 
vided into basic and acid. All the plastie fire clays are silicious or 
acid and are attacked by the basie slags and iron oxide. Magnesia 
or magnesite is the only practical basic refractory available for 
steel pouring purposes. Chromite and zirconia are neutral refrac- 
tories, but, due to certain physical properties, they are not en- 


countered in steel pouring practice. 


3. Clay-bonded refractories predominate in foundry steel pour- 

*Vesuvius Crucible Co. 

Note: This paper was presented at a Steel Session of the 46th Annual A.F.A. Con- 
vention, Cleveland, O., April 22, 1942 
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ing because the process is frequently acid, or, in electrie furnaces, 
the slag blankets are light and give little difficulty. In the foun- 
dries operating rather large basic furnaces, the problem of slag 
attack is met by simply increasing the diameter of sleeves to com- 
pensate for wash. In such plants, the stopper heads are larger and 
the clay-graphite composition of which they are made is practically 
immune to slag attack. 


REQUIREMENTS FOR SLEEVE ASSEMBLIES 


4. Considering the stopper assembly, the sleeves have the least 
burden as there is no mechanical load nor wash of steel. There is 
some slag attack in the case of basic steel, but as the slag level moves 
steadily lower during the pour this burden is well distributed. A 
reasonable density and medium firing in the manufacture of sleeves 
will give the necessary resistance to slag. Firing should be slightly 
lower than the vitrification temperature. 

5. Obviously, the sleeves must not spall or crack off the rod and 
they should be only slightly reduced in diameter by slag erosion. 
If they meet these requirements, they will serve their purpose. Of 
course, succeeding shipments of sleeves must all be satisfactory : 
in other words, uniformity and dependability are necessary. 


TESTS ON DIFFERENT SLEEVE BrICKS 


6. In a recent test! of several brands of sleeve bricks, the best 
showing, based on resistance to cracking or spalling and resistance 
to slag attack, was made by sleeves with P.C.E.* 32-33 (3137°F.) ; 
porosity 21.8 per cent; linear thermal expansion 77°F. to 1832°F.. 
0.570 per cent; and volume change between 212°F. to 392°F., small. 
Compared with these figures, the showing was not so favorable for 
sleeves with P.C.E. 23-26 (2894°F.) ; porosity 17 per cent; linear 
thermal expansion 77°F. to 1832°F., 0.615 per cent; and volume 
change between 1022°F. and 1112°F., large. In these tests, the ma- 
jority of the sleeves were used in heats from an electric, basic-type 
furnace with tapping temperature around 2960°F. 

7. The joints between sleeves are filled with a sand loam and 
fire clay mud, using enough material so that it is forced into the 
space between the rod and sleeve. This excess centers the sleeve 
and rod together. Many shops use an air setting refractory cement 
between the end sleeve and the graphite stopper head. 


1Heind!l and Cooke, “Fire Clay Ladle Sleeves,”’ JouRNAL, Bureau of Standards (March, 
1938). 
*Pyrometric cone equivalent. 
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Fic. 1—A, B, C AND D SuHow ORDINARY-GRADE, LOW-FUSION, FIRE-CLAY NoZZLE BEFORE 
AND AFTER PourRING Basic HEAT oF 25 Tons. ILLUSTRATES CONFORMATION OF NOZZLE TO 
SHAPE oF GRAPHITE STOPPER-HEAD. NozzLe Da Is AN AUXILIARY, 3-IN. DIAMETER NOZZLE 
Usep ror Pourtnc HALF THE Hear into One CastinG. It Is THEN CLOSED FOR THE ReE- 
MAINDER OF THE Heat. DuriInc PourInc, Nozzle MATERIAL SQUEEZED FROM SEAT INTO 
FLOW-HOLE Is WASHED Our. E, F ann G SHow MEDIUM-GRADE NOZZLE. AFTER POURING 
10-TON Evectric Stee. Heat, Nozzitze SHows ONLY SLIGHT CUPPING UNDER PRESSURE 
OF GRAPHITE STOPPER. MATERIAL SQUEEZED FROM SEAT NOT SUFFICIENTLY Sort TO BE 
WasHepd AWAY—May Partiy BLock FLOW-HOLE. No APPRECIABLE ENLARGEMENT OF 
FLOW-HOLB. 


NOZZLES 


8. Magnesite nozzles are used extensively in European shops but 
are almost unknown here in spite of having been mentioned often 
in reports. Several reasons may account for failure to adopt them. 
They are very refractory and consquently there is no enlargement 


of the hole as the pouring progresses which is considered desirable 
to compensate for the falling pressure of the steel as the ladle 
empties. Because they do not soften, the shut-off with the equally 
hard stopper head is frequently imperfect. On account of their 
high heat conductivity there is a tendency for the stream to freeze 
up unless the heat is very hot. 


9. An effort has been made to retain the advantages of the clay 
nozzle by using various highly refractory inserts or combinations of 
elay and more highly refractory upper and lower halves of the 
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nozzle. Quoting an English authority, ‘‘ Inserts of magnesia, mull 
ite and high alumina materials have been used (in England) but 
have not solved the problem of nozzle erosion.*’’ 


Functioning of Stopper Head-Nozzle Combination 

10. Like any valve, the functioning of the stopper head-nozzle 
combination depends on one harder surface impinging on a softer 
one. Because the burden placed on the stopper head is the heavier, 
including as it does mechanical abrasion, higher temperature and 
chemical washing, it is customarily chosen as the hard refractory 
element in the valve (Fig. 1-B). 

11. The nozzle usually provides the softer cushion and, there- 
fore, its composition is such that it will soften slightly at steel pour 
ing temperatures. Nozzles should have a coarse texture, that is, 
the surface of a fracture should show coarse particles but the 
density should be high and porosity low. It has been pointed out, 
however, that the total porosity as indicated by the percentage is 
of less importance than the distribution of this porosity, 7.e., numer- 
ous smaller pores in the steel pouring refractories are better than 
fewer larger ones*. Nozzles should be fired to incipient vitrifica- 
tion. 

12. Nozzles made of clay graphite composition, like the stopper 
head, are occasionally used. They are open to the same objections 
as the magnesite nozzle. A combination nozzle, with the upper part 
made of fire clay and the bottom of clay graphite, is used in a few 
shops. Sometimes this type is made in two pieces, sometimes in one 


piece. 


FACTORS IN THE WEAR OF NOZZLES AND STOPPERS 


13. It has often been pointed out that the enlargement of the 
hole in the nozzle due to wash compensates for the falling pressure 
of the steel in the ladle and the result is a fairly steady rate of 
flow throughout the pour. The material washed away in the stream 
has been regarded as a necessary evil to obtain a desirable result. 
As a matter of fact there is less likelihood of inclusion in the steel] 
if a constant rate of pouring is maintained than if no wash is per- 
mitted and the flow towards the end of the pour becomes very slow. 





2Rees, Walter, Dr., ‘“‘Steel Mill Pouring Pit Refractories,” INDUSTRIAL HATING (De- 
cember, 1938). 
‘Chesters, J. H., “Casting Pit Refractories,"’ Tue IRoN Ace (November 20, 1941), p. 48 
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The danger of entrapping foreign material as inclusions is greatly 
increased under the latter conditions. 


14. It should be emphasized, however, that the wear or wash 
should be uniform. If the wash is uneven it is an indication of 
several possible faults: the stopper may be set too far off center, 
producing a side thrust; the refractories may be ‘‘off’’ in burn or 


composition ; the nozzle may be set crooked ; the nozzle may have be- 


eome eracked in warming up. Actual cases have been observed 
just before the heat is taken in the ladle of nozzles that had vertical 
cracks running down over the seating face due to too rapid heating. 
Following these cases through the pour, invariably there was a leak- 
ing, if not a running nozzle, and examination after the pour re- 
vealed that the initial hair-line crack had enlarged to resemble a 
deep ravine. In such cases the whole seating area becomes oval 


Fic. 2—H, I, J anp K SHow Nozzie Mape or Hich ALUMINA CLAY—FuvusIon POINT, 
3100°F. SHows No DsrorMaTion UNper Stopper. No ENLARGEMENT OF FLOW-HOLE. 
PourRING Rate Stow at END or Heat. Evectric FURNACE, CHROME-MOLYBDENUM STEEL, 
5-Tons, 2980°F. PourInc TeMPERATURE. PoURING Tims, 20 MIN., 30 OPENINGS. GRAPHITE 
STOPPER-HEAD SHows Some DEFORMATION, INDICATING It Is SLIGHTLY SorTeR THAN 
Nozzis. Witn Tuts Rg_ationsHip, Goop SHuT-orrs WouLD Be Ostarnep. L, M, N and O 
Snow Fire-cLay Nozze Saw to Be CARBON IMPREGNATED. SLIGHT DEFORMATION OF SEAT; 
SemMe RESTRICTION oF FLOW-HOLE. ELEecTRIC FURNACE STEEL, 4-TON HEAT. SECTION OF 
Stopper (N) SHows EXceLLent CONDITION or PLUG AFTER Pour. 
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Fic. 3—Pairs or Stoprpers—A AND B, C anv D, etc., SHow EXAMPLE OF CHANGES IN 

DESIGN TO IMPROVE PoURING Practice. Lert, STOPPER IN PAIR, OLD DESIGN; RIGHT, 

IMPROVED DESIGN. TENDENCY Is TowArv More PoiNTeD StToprer oR HEAVIER. THE STOPPER- 

PINS ARE Goop EXAMPLES oF SQUARE SHOULDER BETWEEN HEAD AND SHANKS WHICH 

Gives Goop BeARING ON Stopper Heap. Pin J Is MACHINED For Goop Fit tn Stopper- 

nop. Pin L Has Extra Lone Heap, Destrasie Ir Heats Are Hot and Pouring Is 
PROLONGED 


and the stopper, yielding to this distortion, likewise is squeezed into 
an elliptical section (Fig. 4) 

15. Correct setting of the nozzle is, of course, influenced by the 
design and condition of the ladle lining. A poor bottom lining in- 
creases the difficulty of setting the nozzle properly. 


DESIGN 


16. The majority of nozzles used are designed with a stream- 
lined orifice, curving from the top with an ample radius at the 
seating surface and running smoothly into the final diameter of the 
hole itself (Fig. 2-1). It may be found necessary, as the size of 
heats increases, to increase the length of the nozzle in order to 
produce a full, non-spraying stream. Thus, if a nozzle 7-in. in 
height is satisfactory for a two-ton heat, good practice may require 
a 10-in. nozzle for a 30- or 40-ton heat. 


STICKING 


17. Oceasionally, complaint is heard of the stopper head and 
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nozzle sticking together when shut between flasks. One shop over 
comes this by boiling the clay nozzle in tar until saturated.’ This 


is said also to reduce cracking of nozzles 


OBTAINING GOOD CONTACT 


18. Both nozzle and stopper head manufacturers strive to pro- 
duce articles that will make a perfect circular contact, and the heads 
and nozzles, in fact, are put in service as received in most cases and 
hold the steel without leaking A few users, however, make a prac- 
tice of grinding the contact surfaces of the nozzles and, sometimes, 
the stoppers. To facilitate this grinding, one shop has designed a 
nozzle with the face at the top sloping at 30°; then, at point of con- 
tact with the stopper, the slope changes abruptly to 60° so that the 
stopper rests on the ridge of the angle formed by the two sloping 
faces. If, when the stopper is set on the nozzle, it is found that the 
contact is imperfect, a very little grinding will true up the nozzle. 


DRYING STOPPERS FOR LARGE AND SMALL HEATs 


19. Many steel foundries pour small heats when compared to the 
ingot shops. The stopper rods are correspondingly small, and the 
drying equipment is very simple. Frequently, the drying is done 
simply in the open by exposure to warm ladles or to a salamander. 


Satisfactory results are obtained by these means where the stoppers 
are only 3 or 4 ft. lone 


20. For larger heats (5 tons and higher special provision should 
be made for drying stopper rods. The best installations provide 
for hanging the rods vertically head down with the source of heat 
at the bottom. If a gas flame is used for drying, the heat should 
be applied indirectly because when the stoppers are cold, moisture 
will condense on them from the gas flame. 

21. Ingenious use is made with good economy in one plant by 
using the slag from the ladle as the source of heat. The slag is 
poured into a box under the stopper oven.°® 

22. The essential principles in drying stopper rods are 

l The handling and support of the rod in the drier must 
be such that the joints are not loosened nor the stopper 
head damaged 
The entire assembly must be moisture-free before using 
in the ladle 


iBacon, N. H., “The etallu al Observe Str 
ember 1, 1941 
Klein, H. T n Inexpens topp Drying Oven,” Stee. (December 1, 1941) 


ives for Improved Quality,” Stes. (De- 
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PRECAUTIONS IN HANDLING 


23. Injury to the stopper, particularly the head, must also be 


guarded against while removing the stopper from the drier and 
setting in the ladle. Also, the rigging on the ladle should be kept 
in first class repair so that the stopper will be firmly operated. 
Periodical inspection and over-hau! of the rigging should be the 
rule. 


Low or Heat 


24. An important but seldom considered element in the success- 
ful performance of the stopper head and nozzle is the heat flow in 





Fic. 4—PourRING WITH THIS STOPPER AND NozZL—e ENDED IN A Heavy Leaker. Tue 

Nozzie Was CRACKED WHEN Set ok CRACKED LATER Dus To Too Rapm DryinG Out or 

PREHEATING. THIS CRACK ENLARGED SO RAPWLY DURING PouURING, A SHUT-OFF CouLD Nov 

Be MAINTAINED. AT THE END OF THE Pour, THE CRACK WAS ENLARGED TO A Deep GULLY. 

Note DeFroRMATION IMPARTED TO GRAPHITE STopPpER HEAD AND CHANNEL CUT OPPosITr 
THE CRACK IN THE NozZ_e BY THE LEAKING STEEL 
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the stopper. The gradient of the temperatures at the contact of 
nozzle and stopper and of the steel stopper rod is such that ther 
is an appreciable flow of heat from the seat. This flow materiall) 
aids in maintaining the nozzle and stopper at suitable operating 
temperatures. If there were no such flow, overheating and ex- 
cessive fusion of both nozzle and stopper would result. When ela, 
stoppers were formerly used in steel pouring, particularly in ingot 
shops, it was not uncommon to find 2/3 of the head washed away 
during the pour due to such overheating. 

25. Uneonsciously, perhaps, and more or less indirectly, this 
thermal relationship largely governs the determination of the con- 
duetivity of the graphite stopper head ; also, the size and proportion 
of the stopper, the diameter and analysis of the steel stopper bolt ; 
the diameter of the steel stopper rod and the diameter of the sleeve 
brick. It is the sleeve brick, of course, that we rely on to keep the 
steel rod relatively cool and maintain the gradient. 


SELECTION AND CARE OF STOPPER HEADS 


26. In selecting the proper stopper head it has usually been 
found that the relatively pointed head gives better practice than 
the blunt type (Fig. 3) 

27. The undereut should be sufficiently deep to protect the stop 
per bolt head, and for this purpose should not be less than 11/-in. 
deep regardless of size of stopper. The mix for filling the under- 
cut may be made of 2/3 ground stoppers and 1/3 good fire clay, 
or it may be purchased ready mixed. It goes without saying that 
it should be as refractory as the stopper head, but it is surprising 
how frequently trouble in steel pouring originates with plugs melt- 
ing out. This usually is the result of substituting the first thing that 
comes to hand when the regular supply gives out. 


STEEL Pins 


28. The conductivity of the stopper should be such that the 
steel pin is not melted during the pour. The pin, however, should 
be of 0.10 per cent carbon, or under, because of the higher melting 
point of that grade. 


Joint BETWEEN END SLEEVE AND STOPPER HEAD 


29. It is customary to have a deep joint between the end sleeve 


6Beasley, H. V., “Nozzle and Stopper Rod Aassemblies,’"”’ BLAst FURNACE AND STEEL 
PLANT (October and November, 1933 








DISCUSSION 813 


and the stopper head, usually 1!.-in. to 1%4-in. deep. This gives 
protection against entry of steel at this joint. One variation is to 
have a double offset, in some cases requiring a double recess in the 
sleeve, and, in other cases, the second offset or neck is about the 
same diameter as the stopper rod and fits up into the sleeve aceord- 
ingly (Fig. 3-B). 

30. Many shops, however, use a stopper with a short neck (Fig 
3-F) so that no special end sleeve is required. With careful as 
sembly, such a combination will give good results, although there 


is only a narrow safety margin. 
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DISCUSSION 

Presiding: H. H. Biosso, Minneapolis Electric Steel Castings Co., 
Minneapolis, Minn. 

J. R. ApAMs!: In some plants it is the practice in constructing and 
building a stopper to leave the space between the hole in the sleeve and 
the rod vacant. In other plants, it is the practice to fill this void with 
sand. What is the recommended practice? 

Mr. STONE: Both practices are followed. In filling the hole with sand 
the heating of the steel rod is reduced somewhat, due to the fact that the 
conduction of heat by air currents in that space is prevented. An equally 
good practice is to let the excess mortar at the joint flow into that space 
and make a contact between the sleeve and the stopper rod at intervals. 
That serves the same purpose of breaking up the space surrounding 
the steel rod. I do not think there is any objection at all to using sand. 

Mr. ADAMS: What is the proper technique with respect to the expan- 
sion under heating of the stopper? 

Mr. STONE: About \%-in. per ft. is allowed. There are all sorts of 
devices to allow for that expansion. Usually the nut at the top of the 
stopper rod which holds the ring down on the top sleeve is simply backed 
off the required amount in proportion to the length of the stopper rod. 


1 Crucible Steel Castings Co., Lansdowne, Pa 
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Another method is to have a spring under the nut. That works satisfac- 
torily for a while, but the spring usually loses its value under the heat 
ing that it receives. Another method is to insert a wooden collar under 
the nut, which burns out. However, I do not believe the wood burns out 
quickly enough. Generally, good results are obtained by simply back- 
ing the nut off, and leaving the space open, provided it is done after the 
stopper 1s set. 

E. H. Noack": Dating back 25 years, when we first started our 


steel foundry, we had a great deal of trouble with the stoppers in our 
bottom pour ladle. Our main trouble was the clay sleeves cracking and 
letting the steel get to the rivet in the stopper. After considerable 
trouble and throwing away a few carloads of skulls, which were mostly 
the full heat of the furnace, we discovered we were keeping the nut 
which held the sleeves against the graphite stopper too tight, and the 
expansion of the sleeves caused them to crack. We solved our problem 


by drawing the nut just tight enough to seat the clay seal between the 
joints, then relieved the nut about 1/16. 

MEMBER: We have had very good results with a %-in. coil spring, 
coiled in 2- or 2%-in. coils, and tightened by hand which allows the 
sleeves to expand without getting out of place. We also fill the voids 
between the sleeves and the stopper with sand, principally to keep the 
clay in the joints from getting out of place in handling. Sand is a very 
good insulator, and it helps to insulate the stopper rod from the heat of 
the metal. I believe the principal reason for filling those clay sleeves 
with sand is to facilitate ease of handling without breaking the joints 
between the sleeves. 

Mr. STONE: What was the life of the spring? Did you find any 
deterioration? 

MEMBER: The springs do deteriorate. The stopper rods must be of 
sufficient length to have enough room above the largest heats poured 
so that the springs will never become immersed in slag. Under such 
conditions the springs will last at least 3 to 4 months; once they are 
immersed in slag they are finished. 

MEMBER: Does grinding the stopper into the nozzle tend to destroy 
the surface to such an extent that it might reduce the life? Does it 
destroy the glaze or surface finish that tends to permit additional 
cutting? 

Mr. STONE: Other things being equal and with a good set-up, I think 
that would do no harm. Of course, if a little of the interior of either 
the nozzle or stopper head is exposed, it might be a little softer under 
the surface and, consequently, liable to wash more rapidly. I really do 
not think that limited grinding does any harm if both the nozzle and 
the stopper are properly burned. 


2 Monarch Foundry & Engineering Corp., Stockton, Calif. 








Effects of Ladle Inoculation on 
An Austenitic Cast lron 


By J. T. Easn*, Bayonne, N. J. 


Abstract 


In an investigation of the effects of ladle inoculation on 
austenitic cast iron containing 14 per cent nickel, 6 per 
cent copper and 2 per cent chromium, it was found that 
the transverse and tensile properties of 2.25 per cent car- 
bon heats were markedly improved by ladle additions of 
ferro-silicon, whereas with high carbon contents, only 
moderate improvements were obtained. The Izod impact 
of all grades was improved by silicon inoculation. Aus- 
tenitic nickel-copper-chromium cast irons made from steel 
charges had superior properties and were improved to a 
greater extent by inoculation than were castings made 
from cast iron serap. Dendritic graphite and carbide 
structures were found associated with low properties, 
while inoculated heats had random carbides and flake 
graphite. These irons possessed outstandingly high tough- 


ness and deflection properties. 


1. In the past two decades, the gray iron industry has advanced 
ordinary cast iron from the position of a non-uniform low strength 
material to a high quality product where strengths in excess of 
60,000 Ib. per sq. in. are nothing unusual. During this time aus 
tenitic nickel east irons of the *‘ Ni Resist’’ type containing about 
14 per cent nickel, 6 per cent copper and 2 per cent chromium were 
developed for use in applications requiring greater corrosion and 
heat resistance than ordinary gray iron. Such austenitie irons in- 
herently have greater ductility and lower strength than the basi- 
cally different pearlitic irons of the same carbon and silicon con 
tent; however, steady progress has been made towards improving 
their mechanical properties so that tensile strengths as high as 40,- 
000 lb. per sq. in. are now readily obtainable. 

2. This advancement is a result of increased knowledge of the 
benefits derived from the control of melting technique, charge ma- 
terials, composition and ladle treatment. The present investiga- 


* Research Metallurgist, Research Laboratory, Internationa) Nickel Co., Inc. 
Note: This paper was presented at a Gray Iron Session of the 46th Annual A.F.A 
Convention, Cleveland, O., April 24, 1942. 
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Fic. 1—EFFeEcT OF LADLE INOCULATION ON TRANSVERSE PROPERTIES 


tion deals with the effects of these production factors on the me 
chanical properties, with particular emphasis being placed on ladle 
inoculation. 

3. A number of articles have been written on the properties and 
applications of austenitic cast iron as can be seen in the list of 
references at the end of the paper. The properties covered in these 
include tensile, transverse, impact, microstructure, wear, creep, 
heat resistance, corrosion resistance, ete. While tensile values of 
20,000 to 35,000 lb. per sq. in. are quoted, no systematic effort had 
been made to correlate fundamental factors involved in production 
with physical properties to assist one in producing a consistent 
quality of product. The present work fills a need in this direction. 


EXPERIMENTAL PROCEDURE 


4. The austenitic tron used was a typical commercial composi 
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tion and contained 14 per cent nickel, 6 per cent copper and 2 pe 
cent chromium. Some of the heats were made with steel charges 
and others from cast iron scrap; the former were carburized with 
petroleum coke. Alloys were added to the charge in the form of a 
pig containing 5S per cent nickel, 24 per cent copper and 8 per cent 
chromium. The irons were melted in an induction furnace, heated 
to 2850°F. and poured at 2650°F. into arbitration bar cores. Ladle 
additions of ferro 85 silicon were made to most of the heats as in 
dicated 

5. Transverse properties were determined on a 12-in. span to 
secure the greatest number of check results possible, and Izod Ab 


and tensile tests were made on the broken ends. The tensile speci 





a dna ae 
| | 
Sleel Ch eta Scrap Charge 
} 
T 


a 
w 





40 











245-297¢C 
470 -2.0 Si 


w 
Ss 








| 
| 
+ 


a 
Q 
9 
S 
g 
Q 
S 
HK35 
¢ 
N 
~ 
vy 
NN 
& 
& 
SN 


\ 
Ww 











2Z227C 49S 

ee | 

ad | 
3 


| 
| 


2.9TC /48Si 



































| a 
oO 50 40 Oo .5O 10 
Percent Silicon Added in ladle 


Errect oF LaDLe INOCULATION ON STRENGTH AND HARDNESS 








81 





Oa" 


qT +d 
av 
poz] 


EASH 


I’. 


SV_) 


00S TE 
009°92 
009°82 
OL6'8Z 
00¢°SZ 


aG 
000°82Z 
OLS PE 


OOF TE 
O€S'RE 


006°1T8 
OFO'LE 


0069 
OST’Ss 
OOF 'ZP 


OSS FE 


“Hi ‘be Jf rd *q] 
ypBuags 


a]18U aL 


dVYOQ—SNOU] 


LSV{) 


68e°0 
062°0 
0¢92°0 
c92°0 
£02°0 
OFZ'0 
O9T'O 


6FE'0 
86E°0 
OFZ 0 
FRI'O 


cIs’0 
ccs’ 
02°0 

to 


“Uy 


‘(oq 


CZZE 


a~GOGG 
00¢S 
0O0FE 
OPOE 
C9ZE 
00SE 


GREE 


OLES 
C60P 
cIse 


coos 
CCTP 
OZOP 
OFTP 


COTE 


‘QT 
pvey 


IS MALSUDA L 


380} O[Bulg . 


Oc] 
OST 
L¥l 
OST 
L¥l 
OST 
OLI 


SLI 
29 
E8T 
ORT 


NHd 


sua) 


iS’ &/1 


+ 


‘rE 


0G 
gL'0 90°S Se rl 
SLU LVG 90°F I 


00 
vu 
00 
0°0 
0a T 
OST 
o¢c’0 
u'0 


03° 


0¢°0 
00 


(2 


juag 
iS 


21pv'] 


49d 


SdDUVH,{) NOU] 


WOITNOHH,)-¥addO/)~TAMOIN 


ILINALSAY 


j 719%] 


GOG &8FY 


49 





*Z csc LOST 


& 


FOFI 


ols 


LIPl 


) 49) 


(71) 


ng) IN 


“(7UAD ptAgd) uoijisodmwoyg — 


‘ands “Ul-Z|—sess9asuBIy | 
“Pesena[ey + 
Ist L9°0 S8'S VE 
sol STS G6°S 
PSO «LOT «689°0 «88°C «SE 
68'T S6S If 
StL Ogs s9S OF 
es 0 99'T 98'S 62 
8¢°0 66% 82 
l6T 09°0 lL9S LE 
c6T ¢9O GOS 92 
STT 8L°S GS 
£9°0 ELS FZ 
6L'T RTS 82s 
POT $8? BOG GS 
rO'T oS 1@ 
[lS 026 02 


t(O°]) }uaj;uosd hoppy pourwmou 
UIDZUOD 8}2DAY4 7) VP 


ujy 


's’ 


ID OL 


410 SALLHAdO¥d AGNV SNOLLISOdKO,) 


‘ON 








EFFECTS OF LADLE INOCULATION 





Tr a 


Stee/ Charge Scrap Charge 


+ - + 














~fs /bs 





Impact 





AB 








——EE 


/zod 








—_—_—+— 











— 





EE 


40 oO .5O 
Fercent Silicon Added in Ladle 


EFFECT oF LADLE INOCULATION ON Izod AB IMPACT. 





~ 
S 


men had a reduced section of 0.798-in, dia.* Carbon and silicon de- 
terminations were made on each of the heats and a few were an- 
alyzed for other elements as shown in Tables 1 and 2 to be sure the 
alloy content was in the desired range. 

6. Details of the mechanical properties are listed in Tables 1 
and 2 and the values are plotted in Figs. 1 to 3. The melts have 
heen divided into groups according to their carbon content and the 
curves shown in the figures are identified according to the aver- 
age final composition of each group. 

DISCUSSION 
Steel Charge Heats 
7. It ean be seen that the transverse properties of irons made 


* The Izod specimens were unmachined and unnotched 
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EFFECTS OF LADLE INOCULATION 
from steel charges containing 2.3 and 2.45 per cent carbon were 
raised substantially as the silicon ladle addition was increased to 
over 1 per cent while the high carbon austenitic iron was im- 
proved only moderately. The peak result in the latter was secured 
at 0.75 per cent silicon addition. 

8. The tensile strengths of 2.3 per cent carbon irons were in- 
creased appreckbly and the hardness decreased by the ladle treat 
ment. The higher carbon nickel-copper-chromium irons were at 
lower strength and hardness levels and these properties were not 
affected to any great extent by ladle additions 

9 The Izod AB impact resistance at all carbon contents was 
improved most strikingly, with the optimum ladle addition being 
at about 0.75 per cent silicon. Some of the bars actually required 
two or three blows of the hammer delivering 120 ft. lb. energy to 
eause fracture. In the impact chart, Fig. 3, the prefix numbers ] 

or 2—indicate the number of blows the specimen was struck 
without failure and the latter part of the coordinate shows the 


energy absorbed on the second or third blow respectively, 


(‘ast Tron Scrand Charae Heats 


10. A comparison of the nickel-copper-chromium irons made 
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Fic. 4—(Lert)—SrTee. CuHance, 0 Per Cent Si. tn Lapis, 2.48 Per Cent T. C.—1.10 Per 
Cent SL—8600 LB. PER SQ. IN. TENSILB—ETCHED WITH PicraL—X100. Fic. 6—(RicHtT)— 
Stee. CHARGE 1.20 Per Cent Si. tN LADLE, 2.25 Per Cent T. C.—1.70 Per Cent Si. 46,- 
000 LB. PER SQ. IN. TENSILE—ETCHED WITH PICRAL—X100. -BoTH AUSTENITIC CAST ]RONS 
CONTAIN 14 Per Cent NICKEL, 6 Per CENT Coprer AND 2 Per Cent CHROMIUM. 
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from steel and cast iron scrap charges shows the latter to possess a 
generally lower level of properties and to be less affected by the 
ladle additions. 

11. It is quite obvious that to secure maximum results, a high 
proportion of steel should be used and the carbon content kept low. 
A easual survey of Tables 1 and 2 shows that the strength and re- 
sponse to inoculation were dependent to a considerable extent 
upon the graphitizing power of the iron as expressed by the sum of 
per cent T.C. + 1/3 Si. The graphitizing power of the other 
elements present need not be considered in this comparison since 
they were held constant. As the carbon and silicon increased, the 
strength decreased for both inoculated and uninoculated irons 


Vicrostructure vs. Properties 

12. The properties of the specimens were found to have a con 
sistent relation with their microstructures; low properties were 
associated with carbide and graphite in a dendritic arrangement. 
whereas high values were obtained in castings having a more or 
less random distribution of these constituents, when compared at 
equivalent compositions. 

13. Numerous microexaminations showed the uninoculated low 
carbon or low T.C. + 1/3 Si. nickel-copper-chromium irons to have 
a dendritic structure which was replaced by flake graphite upon 
ladle treatment, with an attendant increase in strength, as shown 
in Figs. 4 and 5. The matrix structure in all cases consisted of 
austenite as shown in Fig. 6. It is obvious from this that the same 
relations between graphite structure and properties hold for the 
austenitic irons as for the pearlitic gray irons. 

14. The high carbon austenitic iron had rather good arrange- 
ment of flake graphite without inoculation, so there was less change 
to be affected by ladle treatment and hence little change in tensile 
strength. Their greater total carbon content caused them to have 
lower strength than the low carbon irons. 


15. The photomicrographs shown in Figs. 4 and 5 were taken 
of midsections and represent the average structure of the irons and 
the structure of the tensile bars. The transverse and impact 
properties, however, were dependent upon surface structures and 
in this location the dendritic structures were more pronounced and 
apt to form, due to rapid cooling, and cause low ductility. Even 
in the high earbon irons there was a tendency for the surface to be 
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Per Cent CHROMIUM. 


dendritic. Inoeulation reduced or eliminated the surface dendrit- 
ism and this raised the values of all properties dependent upon 
surface conditions 

16. The uninoculated high carbon irons, however, were not as 
susceptible to dendritic graphite formation near the surfaces since 
they had sufficiently high graphitizing power to perform naturally 
the function of ladle inoculation and bring about graphitization in 
the melt; consequently these irons had higher transverse proper- 
ties than the untreated low carbon irons. 

17. In some cases it was noted that an improvement in trans- 
verse or impact properties was obtained with little or no effect on 
tensile strength; this was due to the presence or absence of den- 
dritic structure in the controlling areas of maximum stress. 

18. The decrease in hardness of the low silicon low earbon 
specimens upon inoculation was undoubtedly due to a decrease in 
eombined carbon as indicated in Table 1. 

19. It will be recalled that the steel base castings were consist- 
ently superior to the scrap heats. No pertinent difference could 


be found between the microstructures of the two as illustrated by 
typical examples in Figs. 5 and 7. This would indieate that the 
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difference in physical properties was probably due to a difference 
in their respective matrix compositions. It was observed that the 
combined carbon content of the steel charge heats averaged 0.75 
per cent whereas the serap heats averaged 0.62 per cent. The 
greater hardness and strength of the former were very likely re 
lated to this characteristic. 


Machined Transverse Bars 

20. Upon observing the very large improvement in those proper 
ties dependent upon skin structure, secured by silicon inoculation, 
one might be led to believe that the results were simply a skin ef- 
fect. It has been found, however, from tests on 1.2-in. diameter 
bars machined from oversized bars 1°4-in. diameter, that ladle in 
oculation does improve the flexure properties of 14 per cent nickel, 
6 per cent copper, 2 per cent chromium iron castings both at the 
surface and internally where dendritie structures are eliminated by 
such treatment. 


21. Data substantiating this are shown in Table 3. These heats 
were made of 50 per cent steel, balance alloy pig and iron serap. The 
low carbon heats were made in an induction furnace and the high 
earbon heats in an indirect are rocking furnace. It can be seen in 
the case of the 2.15 per cent carbon irons that the transverse and 
impact of both the cast to size and the machined bars were im- 
proved by inoculation and that the associated surface graphite 
structures were dendritic in the case of the untreated castings and 
flake in the inoculated bars. 

22. For the 2.70 per cent carbon castings, the cast to size bars 
were improved with the inoculation but little difference was ob 
served in the machined bars. The latter is as would be expected 


Table 4 


COMPARISON OF LADLE INOCULATED AUSTENITIC AND Hien Test 
Cast [ron 


Ladle Total Total Tensile 
Silicon Carbon Silicon Transverse* Izod Strength 
per per per Load Def 4B ib. per 
lron cent cent cent b in. ft. lb sq. in BHN 
Austenitic Iron! 0.0 2.34 1.04 3395 0.120 53 40,400 213 
Austenitic Iron! 1.2 2.25 1.70 5230 0.600 2-50 46,600 177 
1.0 per cent Ni 
Gray Iron 0.0 3.01 1.77 1655 0.12 22 44,660 241 
k »RO5 0.15 9 58,310 941 


Gray Iron 0.70 3.00 


* Transverse on a 12-inch span 
1 Austenitic iron contained 14 per cent nickel, 6 per cent copper, and 2 per cent 
chromium 
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since both bars were identical in strueture and contained flake 


graphite 


Austenitic Iron vs. Pearlitic Iron 

23. The striking differences in properties between the austenitic 
and pearlitic irons are the very high flexure properties of the 
former and the comparatively higher tensile properties of the lat- 
ter. A comparison of the effects of silicon inoculation on the 


properties of low carbon austenitic iron and high test nickel gray 


iron is shown in Table 4. It can be seen that the increase in trans- 
verse and impact properties of the austenitic iron is much greater 
as a result of the ladle treatment than for gray iron. On the other 
hand, the latter shows a greater increase in tensile strength. These 
differences are believed due to the inherent qualities of the matrix 
structures, which are permitted to seek more nearly their true 
level when the graphite distribution is in the optimum arrange- 
ment. Austenite has greater toughness and elongation than pearl- 
ite whereas the latter has greater tensile strength. 

24. The percentage increase in transverse properties of the 
austenitic iron was greater than the tensile properties of the gray 
iron undoubtedly because of an exaggerated surface condition in 
the untreated austenitic iron resulting from rapid cooling, which 


would allow more room for improvement. 


CONCLUSIONS 


25. <As a result of this work, the following conclusions may be 
drawn 
The transverse properties and tensile strength of 2.25 
per cent carbon austenitic iron, containing 14 per cent 
nickel, 6 per cent copper and 2 per cent chromium, were 
markedly improved by ladle additions of ferro-silicon, 
whereas, high carbon iron of similar alloy content was 
only moderately affected. The Izod impact properties 
of all grades were improved by silicon inoculation. 
The improvement in properties was associated with a 
corresponding change in the microstructure. Low 
properties existed in irons having a dendritic carbide 
and graphite arrangement, whereas high quality ma- 
terial possessed a more random distribution of these con- 
stituents. 
Dendritism was most apt to form in low carbon irons 
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and at the surface of all castings; therefore, it follows 
naturally that the elimination of this condition would 
improve the properties which are dependent upon a good 
structure in these locations. 

(4) Austenitic nickel-copper-chromium cast iron made from 
charges with high percentages of steel had superior me 
chanical properties and were improved to a greater ex- 
tent by inoculation treatments than were castings made 
from cast iron scrap. 

(5) In general the mechanical properties of the inoculated 
bars decreased as the carbon plus silicon increased. 

(6) The austenitic nickel-copper-chromium cast irons pos- 
sessed outstandingly high toughness and transverse duc- 
tility compared to pearlitic gray iron. 
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DISCUSSION 


Presiding: J. T. MACKENZIE, American Cast Iron Pipe Co., Birming- 
ham, Ala. 

Co-Chairman: V. A. CrossBy, Climax Molybdenum Co., Detroit, Mich. 

MEMBER: What normal carbon would you expect with cupola melting 
iron? 

Dr. EASH: About 2% per cent carbon. 

MEMBER: Would you expect the inoculation treatment to have an equal 
effect on the cupola material in the lower carbon range? 

Dr. EASH: Yes, it would. We have made cupola heats of this austenitic 
iron using high steel charges that ran up around 45,000 lb. per sq. in. 
tensile strength. 

Would your discussion follow along the same line when using ordinary 
cupola iron containing 1 per cent chromium, leaving out the other alloys? 

Dr. EASH: When chromium is added, it is best to ladle inoculate the 
iron in order to produce a good graphite structure free of chill. The 
higher chromium irons are improved in properties when ladle inocu- 
lated. 

MEMBER: What chromium content are you considering in the aus- 
tenitic iron? 

Dr. EASH: 2 per cent chrome. 

MEMBER: Do you vary the chrome? Do you have less or more need 
for inoculation to get improvements? 

Dr. EASH: The chromium content of the 14 per cent nickel-6 per 
cent copper iron may be varied from 1.75 to 6 per cent, depending upon 
the application. The normal grade containing 2 per cent chromium has 
much better resistance to growth than pearlitic cast irons, and when 
exceptional heat resistance is required, the chrome may be raised up to 
6 per cent. When the chromium is increased the chilling power of the 
iron is greater and the need for ladle inoculation likewise becomes great- 
er to secure the best properties. 

MEMBER: You recommend a 30 per cent nickel iron for certain uses of 
austenitic iron. What chromium content does this iron have and how 
does it respond to inoculation? 

Dr. EASH: The chromium content of the 30 per cent nickel iron is 
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usually around 3 per cent, although it may vary from 1.5 to 4.5 per cent 
depending upon the application and the machinability desired. In ar- 
bitration bar sections, ladle inoculation has a negligible effect at the 
low chrome levels; however, at the higher chrome contents, mild improve- 
ment is obtained by ladle treatment. 

MEMBER: Did you go into the matter of contact time? 

Dr. EASH: We have not investigated experimentally the effect of con- 
tact time after ladle inoculation of the austenitic irons. We have found, 
however, in the case of plain iron, that the effects of ladle treatment 
wore off after holding the metal in the ladle about 15 minutes. 

F. G. SEFING!: I have found that the contact time for austenitic iron 
is about the same as for plain iron. I had occasion about two years ago 
to investigate this when 30 lb. ladles were being poured from a 600 ]b 
electric furnace heat. The time interval was so long that it was neces- 
sary to speed up the metal handling because the effect of silicon inocula- 
tion was being lost after about 25 minutes. 

I would like to make another point on 30 per cent nickel irons made 
primarily for low expansion properties. The very much higher graphi- 
tizing power of this higher nickel content produces the normal graphite 
flakes in the as-cast condition even without inoculation. One has to 
go to very low carbon levels, below 2.10 carbon, before encountering 
enough dendritism to throw low impact properties and to make inocula- 
tion necessary. 

MEMBER: What is the eutectic carbon with 30 per cent nickel? 

Dr. EASH: About 2.8 per cent carbon. It is considered that about 20 
per cent nickel lowers the eutectic about 1 per cent carbon. 

Mr. SEFING: I have found that kish will form on 3.08 per cent carbon 
iron, with normal composition of 14 per cent nickel, 6 per cent copper, 
2 per cent chrome. The 30 per cent nickel irons will be very open-grained 
if the carbon is above 2.5 per cent in %- to %-in. sections. 

It all comes back to the fact that there is much higher graphitizing 
power with these higher nickel contents, and, therefore, the saturation 
point is reduced and the tendency to throw kish is reached at much lower 
carbon levels. Openness of the iron is also encountered at much lower 
carbon levels. 

MEMBER: What silicon do you speak of? 

Mr. SEFING: Two per cent silicon with 14 per cent nickel, 6 per cent 
copper, or the 20 per cent nickel irons. 

MEMBER: What silicon do you use for 30 per cent nickel iron? 

Mr. SEFING: The silicon level should be about 1% per cent. In the 
the same section 1% per cent silicon would be used for 30 per cent as 
compared to 2 per cent silicon for the 14 per cent nickel-6 per cent cop- 
per iron. 


1 International Nickel Co., New York, N. Y 








A Sand Control Program in a Mechanized 
Malleable Foundry 


By D. F. SAwTELLE*, BRANFORD, CONN. 


Abstract 


This paper is a further report of progress in sand con- 
trol in an old malleable foundry which modernized its 
technique by the installation of a duplex melting system 
and the necessary mechanical equipment for continuous 
melting, sand preparation, molding, and pouring. It is 
a continuation of the author’s previous paper which dealt 
with the use and control of natural bonded molding sands, 
and was presented before the annual convention of the 
American Foundrymen’s Association in 1940. 


1. To obtain a clear picture of the problems of sand control in 
any one foundry, it is essential to know the mechanical equipment 


which it uses. 


2. Back in the old days, a molder took care of his own sand pile 
with only a shovel, or perhaps a shovel and a riddle, for equipment. 
In more recent years, sand cutters, aerators or blenders, and mul- 
lers, either singly or in combination with each other, have come 


into common use 


3. As more and more of the control and conditioning of the 
sand was taken away from the molders, it became increasingly 
necessary that some one person should assume this new responsibil- 
itv. Most foundries found someone in their organizations willing 
to pioneer in this new field of testing and controlling the properties 
of molding sand 

* Metallurgist, Malleable Iron Fittings Co. 


Note: This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., Apri! 20, 1942. 
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EQUIPMENT PrRioR TO JUNE 194] 


$. The only mechanical sand conditioning equipment in use by 
the Malleable Iron F'ttings Co. in the malleable* foundry, prior to 
June 1941, comprised two sand cutters, one aerator, and a muller 
The sand cutters were used each night to cut over and pile up about 
eighty molders’ sand heaps. The muller and the aerator were used 
during the day to mix 5 different grades of facing sand. Fig. 1 
is a typical view of the molding floors in a foundry of this un 
modernized type. 


DESCRIPTION OF THE NEW FouNDRY 


>. Plans for a mechanized malleable foundry were well under 
way early in 1940, and on June 23, 1941 the equipment was in full 
operation. 
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Fic. 1—Mo.pinc Fvioors Prior to FouNpRY MECHANIZATION 


6. Fig. 2 is a schematic diagram or flow sheet of this new foun 
dry. The melting is done in either of two cupolas; the refining 
and super-heating in a pulverized, coal-fired, air-furnace. 

7. The sand from an overhead storage bin of 100 tons capacity 
is let down in measured batches of 2200 lb. into either of two mul- 


* This company also operates a steel foundr 
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Fic, 2—D1aGRamM or New MecHANizep Founpry—-(M) MectTiInGc Unit, (T) Trains, (H) 
MOLDER SAND Hoprer (S) SAND Srorace Bin, (B) SPRUING AND CLEANING BARRELS 





lers (Fig. 3), where the proper amounts of water, sea coal, and 





clay binder are added. 


8. After the bateh is mixed, it is dumped by gravity onto rubber 
belt conveyors which take it for distribution to any of the 50 indi- 
vidual molders’ hoppers, shown in Figs. 4 and 5. The molder, by 
means of a lever and a tilting chute as shown in Fig. 6, controls 


the flow of sand to his flask as needed. 











| Fic. 3—MuLLeRS ar SAND Re-BoNnDING STATION 
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Fic. 4—Mo.pers’ Sanp Hoppers—Two Rows or 18 Eacu 





Fic. 5—-Mo.tpers’ SAND Horrers—“SeutH F.oors”’ 
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9. The molds are placed on trains which operate on an index- 


ing system; that is, they automatically go and stop at definite inter- 
vals at their proper stations. A train which has been at the mold- 
ers’ station for four and one-half minutes is loaded with molds and 
tken conveyed to the pouring floor, where it again stops. 


10. After the molds are poured, they move through cooling 
chambers and thence to the dumping stations which are shown in 


CLose-ur View or Mo.pers’ SAND Hoppsr 


Fig. 7. Here they are dumped on a steel cross-conveyor which takes 
the hot castings, used molding sand, and burnt cores, to a vibrat- 
ing screen. The molding sand and burnt cores are broken up and 
pass through the screen onto a conveyor, which carries them over 
a magnetic separator and then to a bucket elevator. The sand 
is then elevated to a final rotary screen at the inlet to the main 
storage bin, and this action completes the cycle of sand handling. 
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Fic. 7—DuMpPiINnG STATIONS FOR PourED MoL_os—‘‘SoutnH Foor’ MoLps IN FOREGROUND, 
*‘Loop”” Mops 1n Lert CENTER 





Fic. 8—ANNEALING Pot PACKING AND DUMPING STATION 
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11. The castings proceed either to a hand spruing station, or 


directly to a wet spruing and cleaning barrel, according to their 


type and adaptability to this form of treatment. From these spru- 
ing operations, the sprue and the castings travel along on belt 
conveyors to a station near the cupolas where the sprue is picked 
off for remelting. The castings then proceed to the inspection 


room 


12. At the point ot inspection, the good castings are moved in 
pans on roller conveyors to an annealing-pot loading and dump- 
ing station. In Fig. 8 this dumping station is shown in the front 


foreground, and the inspection room in the background. 


STaace By Stace Metuop or Putting New Founpry INTo 
OPERATION 


13. This pot loading and dumping station which may be con 
sidered as the end of the line, was erected and put into operation 
first. At this station, a view of which is seen in Fig. 8, a tier of 
four pots, after anneal, is stripped of its castings and packing 
over a vibrating shake-out. The packing material passes through 
the screen to a bucket elevator, then to a set of screens over a 
storage bin, which remove the oversize and undersize material. 
The tier of empty annealing pots is now moved just a few feet to 
the packing station and hard castings are packed with screened. 
dust-free, packing material from the overhead storage bin. 


14. The wet spruing and cleaning barrel, and the convevors 
connecting it with the inspection room, was the next unit to be 
put in operation. At first this unit was fed by hand with castings 
from the No. 1 foundry molding floors, where melting in a batch- 
type air furnace went on all through the change-over period. 


15. Next the cross-conveyor, connecting the shake-out stations 


and the vibrating screen, was put into operation. 


16. Then the cupolas, now moved to their new locations, but 
not yet connected to the duplex furnace, were used to melt cupola 
malleable iron. The erection of the mold conveyor was the next 
step taken in the installation, and then the cupola malleable iron 
was poured into a few trial molds on the train conveyors while 
the indexing system was adjusted. This left the duplexing of the 
iron from the cupola through the air furnace as the only remaining 
link in the chain 
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17. On June 23, 1941, this last step was taken, and the foun- 
dry was put in complete operation as thirty tons of metal were 


melted and poured. 


Type oF SAND IN STORAGE BIN FOR First TRIALS 


18. As has been previously stated, the castings were taken from 
No. 1 foundry and ineluded the adhering burnt molding and core 
sand. This sand accumulated in the main storage bin and was the 
souree of the first synthetic molding sand trials. 


19. Table 1 shows the sereen tests of this sand in test 1. It is 
a mixture of the adhering heap sand as shown in test 2 and the 
three different core sands which are shown in tests 3, 4 and 5. 


20. This varied mixture of sands was mulled with sufficient 
water and a southern bentonite bond to give a molding sand of 
the following properties: Moisture, 4.5 to 5 per cent; Permeabil- 
ity, 40 to 50 per cent; Green strength, 7 to 9 per cent. These 
values were not obtained on every batch, as during these trial mixes 
an inexperienced man was being broken in to operate the mullers. 


21. Moisture testing apparatus was placed conveniently so that 
for the first few days the operator tested every batch for moisture 
which taught him the ‘‘feel’’ of the sand in a very short time. 


22. Observing the results obtained by the molders, who were 
given chances to try out the new over-head supply of sand, it soon 
became apparent that moisture down to 4.5 per cent and strength 
as high as 9.0 per cent gave us a sand with which it was possible to 
obtain good molds, and gave castings with a fair finish. 


TYPE OF SAND IN STORAGE BIN ON First COMPLETE OPERATING DAY 


23. The main sand storage bin was filled in readiness for the 
first day of full operation. It contained sand from the individual 
sand heaps in the old foundry which has been referred to before 
as sand No. 2 in Table 1. These heaps were mostly of Albany sand, 
to which had been intentionally added about 10 per cent of a 
strong New -Jersey sand, and, unintentionally, a smaller percentage 
of burnt core sand. 


24. At this point it is important to note that the pan material 
tested 11.09 per cent, and the total per cent on the 6, 12, 20, 30 and 
40 screens, was less than 1.00 per cent. 
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CoRE SAND ADDITIONS TO STOCK SAND AND Its EFFECT 


25. Our type of malleable castings require the use of approxi- 
mately one ton of cores to every 7.5 tons of metal poured. In 
shaking-out the poured molds, nearly all of the burnt cores are 
each day incorporated with the stock of sand in the system. The 
stock sand, therefore, eventually assumes many of the charac- 
teristies of the core sands used. These core sands, which have pre- 
viously been referred to in Table 1, are used in the proportion of 
55 per cent Wareham, 40 per cent Providence river, and 5 per cent 
of the New Jersey No. 52. 

26. This accounts for the marked rise in the percentages of sand 
on sereens 6, 12, 20, 30, 40, 50 and 70 in tests No. 6, 7, 8, 9 and 10 
of Table 1, in comparison with the amounts on the same screens in 
test 2 which represents the heap sands loaded into the system at 
the start. 


EFFECT OF ROTOCLONE Dust SEPARATOR 


27. The important part played by a dust separator in the 
operation of this mechanized foundry must be explained in order 
to understand the changes in the sand which it causes. 

28. Connected to the dust separator and, henee, under sue- 
tion, are the cooling chambers, mold dumping stations, cross-con- 
veyors, shake-out screens, top screen (above the sand storage bin), 
mullers, and the aerator which is in line with the main sand dis- 
tribution belt. 

29. This dust separator ‘‘hook-up’’ has three important effects 
on foundry operation. First, it removes the greater part of all 
dust and smoke caused by usual foundry operation. Second, it is 
absolutely essential in its cooling action on both poured castings 
and the resulting hot molding sand. Its third effect is the removal 
of nearly all the pan material from the stock sand, as may be seen 
in Table 1. 


30. It should be noted that after only 18 operating days (test 
No. 6), the percentage of pan material had dropped from 11.09 per 
cent, as in the original heap sand, to 5.12 per cent, and after 54 
operating days, to 1.80 per cent. A screen test of material collected 
in the dust separator is shown in test No. 11 of Table 1. For a 
more vivid illustration, results were obtained from a visual test 
by putting the sand from these two screen tests into racks of test 
tubes and placing one over the other as in Fig. 9. The first 
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16% 06% 12% 20% 78% 2.64% 10.98% 26304 21.60% 33.3470. 


Fic. 9-—-SAND FROM SCREEN TESTS No. 7 AND 11 oF TABLE 1 

test tube on the left contains all the sand on the 6, 12 and 20 
mesh sereens, the sand on the 30, 40, 50, 70, 100, 140, 200 and 270 
mesh screens, and the material on the pan being arranged in order 
reading from left to right. 


PROBLEM OF EXCESSIVE Loss OF FINES AND BUILD UP OF COARSE 
PERCENTAGES 


31. Long before the new foundry went into operation it was 
realized that the type of core sands in use would become the base 
of the eventual molding sand, and that it would necessarily be 
much coarser than the natural bonded molding sands which had 
been used in the past. 

32. It would have been impossible for the core shop, which 
makes the larger percentage of its cores with blowing machines, to 
operate on any one particular grade of sand which might have been 
chosen as an ideal base for molding sand. This is because of the 
delicate balance required between the air vents in the core boxes 
and the type of sand used, when blowing cores at high speed. Any 


drastic change in core sands would have entirely disrupted produc- 


tion. Therefore, it was decided to use the same core sands but to 
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eradually increase the amount of the finer Providence river sand, 
and decrease the coarser Wareham, and especially the No. 52 New 
Jersey. The core shop is still working in this direction but with 
caution. 

33. The amount of fine removal could not be estimated, but only 
arrived at by actual operation. The author has never believed that 
fine removal from molding sand should be earried too far in the 
malleable foundry. Test No. 6, Table 1, showing the pan material 
down to 5.12 per cent, after only 18 days of operation. was the first 
vuiding indieation, and test No. 7, after 54 operating days, showed 
the extent of this fine removal, there being only 1.80 per cent 
pan material left. Adverse conditions arising from this low amount 
of fines are poorer casting finish and quicker drying out of the 
molding sand. The addition of Providence river sand to raise the 
percentage of fines was tried for a short time and accounts for the 
3.78 per cent pan material obtained on test No. 8. 

34. The most ideal way to cure the condition of excessive fine 
removal would be to put back into the sand system the material 
taken out by the dust separator; and this is being worked out at 
the present writing, though it is not a simple problem. 


SEA COAL IN THE STOCK SAND 


35. When the sand from the molders’ old sand heaps was orig 


inallv stored in the sand bin it contained only a small amount of 
sea coal. This came from the use of facing sands. In the new sys 
tem, the operation of the mold shake-out screen, the magnetic 
separator, and a revolving screen over the top of the storage bin 
result in such a clean sand that, with the addition of sea coal, it 
can be considered a facing sand. The amount of sea coal added to 
the sand is controlled by analyzing for total carbon. These results 
have been included in the sereen tests in Table 1. 


36. As may be seen from Table 1, after 18 operating days, the 
carbon was 1.44 per cent. This increased until the 54th operating 
day when it had reached 2.48 per cent, at which point it was decided 
to cut back on the amount added and attempt to keep it in the 
neighborhood of 2.00 per cent to 2.25 per cent. Test No. 4, with 0.97 
per cent carbon, may be ignored as it was taken when considerable 
amounts of Providence river sand were being added to increase the 
fines. 


) 


37. The cleanliness of the sand and the addition of this amount 















FOUNDRY 


M ALLEABLE 


A 


IN 


ONTROI 


( 


SAND 


> 


/vjayy JO SUDO T puog puns 10 


aad 
GL Ss 


Pa nod 


SFOLS 


Le) 


SRF 060°T 





002 I$ 
]v0D vas 
fO 3809 


PpudDS a40;) 


1809 


Pudy aso.) 
{O SuOT 


280) )D)0] 


daxynO IWLAYY JO SNOJ, OL IVOZ) Vag ‘GNVg a0.) ‘aNOg 





PYE TS LEP LES L CL9S 006 I$ 
90T'OI 80L'FI 9 POST 00F 
8oZ IT 628 SIS LOL PS [LPT 0O8$S 
painod 700) » SPUDS PUuDS a40,) PUD aso.) ]veg Das 
DAT {0 8u0 | #80, ) 7P39 ] $O 4805) $0 suo T 40 380 
did 10d lV. if 10 SNOT OL TVO,) VAS “ANV®& 1HO,) 


j PIG L 








S}SO0O PeisAllep eB 


cL 098°3$ 
]/~pOD vag puog 
$O suo] {oO #805) 


ILINOLNAG dO LSO)-—-aOM 
GL <OOL*LIS$ 
CS oct 6 
OS 89E°8$ 
[v0 DOS png ‘P1°W 
$O SUuOT $0 2809 


‘GNVS PONIGIOJY TVHALVN AO £80) 





[J2}BUI |B JO BISOD , 


OFT "SOW L 
puog 
fo 8Uu0 J 





Vig MAN 
LI’? “S4A G 
9L3Z OF6I 
Lt0'% 6861 
PudDs “PI°W 


fo 8u0 J 


LHILOIVAd AT) 











DISCUSSION R45 


of sea eoal to it, gives a much better finish to the castings than 
would be expected from the grain distributions shown. 


MoIsTURE, PERMEABILITY AND GREEN COMPRESSION STRENGTH 


38. Sufficient bentonite bond is added to keep the green com- 
pression strength of the sand between 7.0 and 8.0 lb. The mois- 
ture content has been lowered as the percentage of fines has de 
creased. The moisture at first was between 4.5 and 5.0 per cent, 
decreasing to 4.0 to 4.5 per cent, and finally to 3.5 to 4.0 per cent 
As the fines and moisture became less, the permeability became 
greater, rising from 35 to 45 to 45 to 55, and becoming quite con- 
stant, being between 55 and 65 at the present time. 


Cost or NaturRAL BONDED SANDS Vs. SYNTHETIC 


39. Figures indicating the tons of new, natural-bonded mold- 
ing sand, core sand, sea coal used, and their cost for the vears 1939 
1940 and the tons of metal poured are given in Table 2, and like- 
wise the tons and cost of bonding material, sea coal, and core sand, 
during the first seven months operation of the new mechanized 
foundry. 


40. From this table it may be calculated that the cost of these 
materials during 1939-1940 was $1.28 per ton of metal poured and 
for the first seven months of mechanized operation was $.86 per 
ton of metal poured. 


DISCUSSION 


Presiding: C. F. JOSEPH, Saginaw Malleable Iron Div., General 
Motors Corp., Saginaw, Mich. 

Co-Chairman: R. J. ANDERSON, Belle City Malleable Iron Co., Ra- 
cine, Wis. 

MEMBER: In making molds, such as you make, what do you consider 
a proper percentage of fines? 

Mr. SAWTELLE: I like to keep 5 per cent of pan material in our sand. 
Several years ago, before we even specified what type of sand we wanted, 
a screen test of the Albany sand showed 30 per cent pan material. By 
specifying the grade of Albany sand that we wanted, that percentage was 
reduced to about 15 per cent. With this set-up it is possible to take all of 
the fines out, if desired. 

MEMBER: Is it possible to control the fines in molding sand by the use 
of the correct bond? From past experience, we find that various bonds 
act differently and each one has an effect on the way the sand will react 
and on the percentage of fines. 
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Mr. SAWTELLE: Our dust removal system works under such a high 
suction that I cannot believe that a different type of clay would have 
much to do with how much or how little of the fines the collector removed. 

MEMBER: Does not your muller increase the fines to some extent, re- 
gardless of the dust collector? 

Mr. SAWTELLE: I do not think the muller raises the percentage of 
fines much. The sand is in the muller only about 3 min. as an average 
and it is not a grinding action. It is a mixing action. 

F. L. Harris!: We ran some tests and found that the mulling has 
no effect on the fines; that is, no effect that can be appreciably calculated. 
We have found that there is no destruction of the grain by mulling. 

Do you expect to eventually have a sand in the foundry comparable to 
the base sand used in the core work? In other words, if good results are 
secured with 15 per cent fines in the Albany sand being used, and I 
gather that the sand now being used carries about 2 per cent of fines, 
it will be necessary to regulate the amount of fines by using suction only 
to the point where the sea coal and clay builds up over the 15 per cent 
fines. I agree that a certain amount of fines in the sand is desirable. 
Complete elimination of the fines is not the best practice. 

Mr. SAWTELLE: I have never measured the height of the vacuum in 
our dust collecting apparatus. It is a wet collector with a very high 
vacuum. It is necessary in many places due to its cooling action on both 
the sand and metal. The vacuum is so high, though, that no matter 


what type of core sands is used, it will take the fines down to too low a 
point. We are mixing Providence River with the Wareham, which has 
a considerable amount of fines, and still our storage sand is down around 


1.8 per cent. 

Mr. HArRRIs: In our plant we finally wound up with practically the 
same sieve analysis as our core sand. After it has been established for 
a period of several years, I think you will find that you eventually wind 
up with the same screen analysis for the sand in the foundry as for the 
core sand going into the foundry. 

Mr. SAWTELLE: I went through several pages of calculations in simple 
arithmetic, using the proportions of the core sands as we use them, and 
the percentages one would expect on the different screens. If I could 
have put in a correction factor for the amount of fines removed, I be- 
lieve the screen test would have been as was calculated, even after only 
54 operating days. 


Belle City Malleable Iron Co., Racine, Wis. 














The Use of Job Evaluation in the Application 
of Time Study 


By EK. L. Berry* anp E. A. Bera*, Cuicago, Tun 


Abstract 

Establishing a basis for a sound wage policy requires 
the analysis of two factors, (1) hourly base rates in pro- 
portion to skill and technique, and (2) incentive plan to 
reward employees. In discussing these problems the 
authors give their methods for establishing wage pay- 
ment levels, describe their occupational rating plan and 
review factors in the correlation of minimum and max- 
imum average hourly rates. They then discuss their in- 
centive plan, emphasizing the use of elemental time 
studies. 


1. The principal aim of both time study and job evaluation is 
to fulfil the need for an adequate method to reward the employee 
in his weekly pay check commensurate to the talent and effort ex 
pended. His satisfaction is in direct proportion to the wage pay 
ment policies set up by the management. 


Basis FOR SOUND WAGE POLICY 


2. The basis for a sound wage policy requires the analysis of 
two factors: 
A. Evaluate and set up a plan for adjusting the hourly base 
rates in proportion to the skill and techniques required 
to perform the individual occupation. The ignoring of ) 
this fundamental principle can only lead to dissatisfaction 
on the part of the worker. 
B. Establish an incentive plan to reward employees who use 


* Vice President and Head of Wage Incentive Department, respectively, Link-Belt 
Company. 

Note: This paper was presented at the Job Evaluation and Time Study Session of 
the 46th Annual A.F.A. Convention, Cleveland, O., April 22, 1942. 
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their efforts and techuique to their ablest degree. 


The type of incentive plan used should be readily understood by 
the employees, and payment must be made in direct proportion to 
the work accomplished. Policies abolishing the ‘‘cutting’’ of rates 
should be established, and rigidly adhered to, except in cases 
wherein a change in method of manufacture is involved. If the 
above factors are installed and applied correctly, the results can 
only lead to mutual benefits for both labor and management. 


Wace PAYMENT LEVELS 


3. To establish the correct wage payment levels for the various 


occupations, management must take the following steps: 

A. Choose an accepted rating plan, which will account for all 
characteristics and limitations of each and every occupation. Each 
fundamental characteristic which affects the job, such as skill, ef- 
fort, conditions, ete., must be considered and graded in order to 
obtain a differential between the various occupations. 

B. Evaluate each occupation with the assistance of the general 
foreman and the immediate supervisor of the department whose 
occupations are being classified. In this manner, the supervisor 
becomes thoroughly aequainted with the plan, and will contribute 
detailed information which is necessary for the accurate classifica- 
tion of each job. 

(. List values of each characteristic on a comparison sheet in 
order to determine the consistency of the evaluations. Any dis- 
erepancies in ratings will appear instantly when entered on this 
tabular sheet. 

D. Use wage surveys to correlate wages with evaluated point 
ratings, and plot a curve to obtain the theoretical average wage 
level for each occupation. This is an important step and care 
should be taken to ascertain the prevailing wage levels accurately, 
in order to keep wages in line with existing levels throughout the 
territory or community. It may also be noted that occupations 
having the same total point-rating, irrespective of the department, 
will fall in the same wage range. 


E. Plot the actual existing hourly wages on the above graph to 
obtain a complete picture of the present wage structure in respect 
to the theoretical curve. This will readily bring to light oceupa- 
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tions that are not at their proper wave level 


F. Using the theoretical average wage curve (See D) as a 
basis, establish minimum, maximum, hiring, and incentive wage 


levels. 


G. Establish and maintain records which contain the basis for 


evaluation and comparisons between different occupational ratings 


Ii. Correct the existing hourly rates to conform with the evalu 
ated levels. This must be a gradual transition, otherwise the plan 
will appear too radical, and fail before it has been properly in 
stalled. 





OCCUPATIONAL RATING PLANS 
4. <A brief description of one of the better occupational rating 
plans, originated by A. L. Kress, will serve to clarify the foregoing 


information 


Eleven Factors 
5. This plan considers 11 factors which constitute the principal 
requirements for any occupation. 


1)  Edueation 
2 Experience 
3 Initiative and ingenuits 
4 Physical demand 
dD Mental or visual demand 
6 Responsibility for equipment or process 
7 Responsibility for material or produet 
5 Responsibility for safety of others 
g Responsibility for work of others 
10) Working conditions 
(11)  Unavoidable hazards 


6. These factors have been divided into five degrees and point 
values assigned to each. Thus with the aid of an accurate descrip- 
tion for each factor and degree, all occupations can now be evalu- 
ated in terms of point-ratings. 


Erample—Class B Bench Coremakei 
7. For example, the occupational rating for a Class B Bench 


Coremaker should be something like this: 
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Point 
Values Degre: 
(1) Education 14 1st 
(2) Experience 44 2nd 
(3) Initiative 28 2nd 
(4) Physical demand 30 3rd 
(5) Visual demand 15 3rd 
(6) Resp. for Equipment 10 2nd 
(7) Resp. for Product 10 2nd 
(8) Resp. for Safety of others 15 3rd 
(9) Resp. for Work of others 5 Ist 
(10) Working conditions 30 3rd 
(11) Unavoidable hazards 15 3rd 


8. All other occupations are classified in the same manner, and 


comparisons are made to check the consistency of each rating. 


(‘ORRELATION OF MINIMUM AND MAximuM AVERAGE Hour.y Rates 


9. If the plant consists of a foundry and pattern shop only, we 
will find that pattern makers head the point-rating list while labor- 
ers will appear in the lowest bracket, as is to be expected. How- 
ever, we now have a definite ratio for all other occupations falling 
between these two. Hence, if accurate wage surveys are made for 
both pattern makers and laborers, we can now correlate minimum 
and maximum average hourly rates for all occupations by merely 
plotting the survey earnings for the high and low occupations 
against their point-ratings. As a check, the average hourly earn- 
ings for the average point-rating are also plotted. A curve is then 
plotted through these three points. 

10. The existing hourly wages are then plotted, and the min- 
imum and maximum wage range bands determined (Fig. 1). These 
bands are usually on plus and minus percentages in relation to the 
average hourly earning curve. The percentage values are de- 
termined to some extent by the existing hourly wage structure. 
The minimum hiring rate is usually located somewhat below the 
minimum wage level. The gradual correction of hourly rates is 
then made, taking care not to make any extreme changes in either 
direction 

11. Thus, management has new determined wage levels which 
will assure a fair share of the available supply of both skilled 
and unskilled labor in the territory, plus a method of determining 
payment in harmony with the individual occupations. An incen- 
tive to further increase the workers’ individual capacities will be 


ereated by the use of this scheme. 
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INCENTIVE PLAN 


To maintain this system, however, and permit the opera- 


tors to earn wages in proportion to their effort and capabili 


ties, some type of incentive plan should be established. Such a 


plan must embody certain characteristics to insure adequate re- 


sults for both labor and management. 


13. 


A. 


The elements of any successful incentive plan will inelude: 


Standardization of equipment and methods. This means 


ull flask bands, flask equipment, patterns, ete., must be in good 


repair. Core boxes must be accurate to produce a correct size core 


LLalorers must provide operators with all material and equipment 


such as flasks, patterns, cores, bands, sand, ete., in order that the 


men may stay within their working area. This must be accom- 


plished before any time studies are undertaken. However, in the 


case of jobbing foundries, there is an economical point beyond 
which further standardization yields little, if any, dividends, hence, 
the time study department must not wait too long before standards 


are established. 


B. 


Establish equitable time standards for elemental operations, 


with the aid of motion study. Each elemental operation must be 
analyzed and motion paths established before time standards for 
each operation can be effected. The time values thus obtained 
must be leveled to compensate for skill, effort, ete., shown by the 


operators 
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( All time standards should be combined or condensed into 
charts, formulas, graphs, or even slide rules, to simplify and stand 
ardize methods of establishing incentive rates. Also, methods otf 


recording information should be complete and coneise. 


D. The method of payment must be in a simple form that is 
easily understood by the employees. Complex payment schemes 
lead to distrust, and finally to oblivion. 

E. Men in the time study department should be motion minded 
and familiar with work of the time study department as well as 


with foundry practices and procedures. 


14. Figure 2 shows a comparison of an ordinary time study 
against a synthetic time study, built up from elemental time stand 


ards for a large moldine machine. 


roawan: 
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Usre oF ELEMENTAL TIME STANDARDS 


15. The only accurate and reliable method of determining in 
centive rates is through the use of elemental time standards, rather 
than by taking isolated time studies at random whenever the oc 
casion demands. Isolated time studies invariably lead to ineon 
sistencies in earnings, and are expensive, whereas synthetic studies 
promote an accurate and consistent rate structure at a much re 


dneed eost. 


CONCLUSION 


16. To conclude, while the occupational rating plan establishes 
wage earning leveis for the various occupations, there remains for 
the time study department the job of establishing accurate, equi 
table incentive rates that will maintain earnings in their desired 
levels to obtain full benefit of the system. If the incentive plan 
is established incorrectly, permitting a wide fluctuation of earn- 
ings, the job-rating plan will be of little avail. 


DISCUSSION 


Presiding: F. E. WARTGOW, American Steel Foundries, East Chicago, 
Ind. 

Co-Chairman: JEFF. ALAN WESTOVER, Dyer Engineers, Inc., Cleve- 
land, O. 

MEMBER: How do you handle the difference in rate, or the difference 
in wage level, between an inexperienced man and a man who has been 
working on a piece rate for 90 days? 

Mr. BERRY: There are two answers to that. One is that a wage sched- 
ule is set on a job that has been defined. A man who has been doing that 
job efficiently for 20 years gets a rate. If another man has been doing 
the job for one year and is not quite as efficient, the union states that 
those are like jobs and the second man gets the same rate. The other an- 
swer is that men are not so homogeneous as to be deserving of a common 
rate under a common job value. That is the reason we have the plus 10 
and minus 10 which gives a 20 per cent spread. 

MEMBER: If a new molder, with or without experience, is hired, is the 
piece rate exactly the same as that of the man who has been there a year 
or who might have the very highest merit rating? 

Mr. Berry: There is no differential in the piece rate. The new molder 
may be getting 30 or 40 cents an hour less than the old-time skilled ar- 
tisan. It is quite improbable that he will make better than his day rate 
at first. If he is potentially a skillful man and learns the environment 
and the run of the shop, he will very rapidly begin to make some bonus. 
It is quite doubtful if he will ever reach the maximum. We aim at 27 
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per cent average bonus earnings while working on piece work. We have 
people who make 10 per cent, and if they are not capable of making 
more we try not to keep them on the job too long. We have other men 
who make 70 per cent, and we wish we had more of them. The basic fact 
is that we have a standard rate for a standard job under standard con- 
ditions 

MEMBER: Does your merit rating system apply only to day workers‘ 

Mr. Berry: The merit rating applies to anyone in the plant and ties 
in with job values. People who have set up merit ratings will give their 
plant averages, with a maximum merit rating of 90 or 100. If that is 
so then they have done a poor job in evaluating an individual. It is well 
known that an average or mean between 70 and 80 of a shop of one hun- 
dred or one thousand people is an excellent merit rating for your whole 
plant. If a man’s merit rating is down around 60 per cent or 60 points, 
it is quite improbable that he will get a raise. If it is up around 78 or 
85 per cent, it is quite probable that he will get one. 

I mentioned very briefly that job rating and merit rating must be tie 
into the pay roll. In this connection, we have a suggested wage increase 
slip on which appears the man’s name, the job he is doing, the job value. 
the minimum and maximum range of payment for that job, and his merit 
rating. The man is getting $1 an hour. The foreman suggests that he 
get $1.10 an hour. His rate range from job values might be 95 cents to 
$1.20. If his merit rating is well up or even average, he is entitled to a 
day rate change, but the piece rate stays the same unti! either economic 
conditions or manufacturing conditions change. The merit rating, tied 
up with job rating, is simply used to properly determine whether or not 
that man is worthy of more money. His merit rating card will indicate 
that, so it is only necessary to check his existing rate and the suggested 
rate for the top and bottom job values against his merit rating. 

MEMBER: Does the merit rating benefit him only on the day rate 
basis? 

Mr. Berry: Yes. 

MEMBER: On the piece rating, do you assume that, if his merit rating 
is high, he will normally earn higher wages? 

Mr. Berry: That will follow, if his merit rating is high. 

MEMBER: Have you had objections from the union on this merit rat- 
ing plan? 

Mr. Berry: We have no union. 

CHAIRMAN WARTGOW: We do not have merit rating. We do not rate 
the man, we rate the job. In the case of the coremaker, we have A, B and 
C coremaking jobs. When a man comes into the plant he is hired as a 
laborer for we do not hire anybody as a skilled operator. When he goes 
to a job, he takes the rate of pay assigned to it. There is no difference 
on piece work. The rate is the same for the A, B or C occupation after 
the job is rated, and a man who has earned an A rating, working on a 
job that is rated as a C job, takes that rate of pay. 

MEMBER: Does it present problems when you hire an experienced 
molder as a common laborer? 

CHAIRMAN WARTGOW: We have lost a few good men, but that is our 
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iwreement with our committee. We try to explain it to the man when he 
omes to the gate, and I doubt if we have lost very many. 

Co-CHAIRMAN WESTOVER: Mr. Wartgow, are you using a piece-work 
rate expressed in time or in dollars and cents? 

CHAIRMAN WARTGOW: In dollars and cents. 

Co-CHAIRMAN WESTOVER: Are you also expressing your rates in dol 
lars and cents, Mr. Berry? 

Mr. BERRY: Yes. 

Co-CHAIRMAN WESTOVER: There is that point to be kept in mind. Some 
of us may be thinking in terms of time, as piece-work rates, and using 
the base rate to multiply the time piece rate by. 

JOHN Z. LUBENKOV': Mr. Wartgow, if a man came into your plant 
and said he was a skilled man, don’t you think it would be fair to take 
his word for it and let him prove otherwise, rather than put him on as a 
common laborer? 

CHAIRMAN WARTGOW: We do not take his word for it. We put him on 
the job to see if he can do it. 

Mr. LUBENKOV: Then you are not putting him on as a laborer. 

CHAIRMAN WARTGOW: We hire him as a laborer and bring him into the 
plant. If there is an opening, he can go to that job. 

Mr. LUBENKOV: Do you not give him a chance at the particular job he 
asks for? 

CHAIRMAN WARTGOW: We cannot. That is our agreement with our 
shop committee. 

Mr. LUBENKOV: Is yours a union shop? 

CHAIRMAN WARTGOW: Yes. 

MEMBER: Do you make your own patterns or merely buy and maintain 
them? 

CHAIRMAN WARTGOW: We make some patterns and buy others. But 
when the men come in the gate, they are all equal. After they are in, 
it is up to the individual foreman to put them on the job. 

Mr. Berry: We find that skilled or semi-skilled men are hard to get, 
so, for many years, we have attempted to and have trained our own peo- 
ple the way we want them to be trained. We rarely, if ever, hire a 
trained man. 

In a new organization we are starting, we will have 2000 in a few 
months. Three weeks ago we had two men and today we have 180. We 
have found that we are able to take boys with a high school education, 
give them 4 weeks of concentrated training in welding and have over 
half of them able to pass a government certification for welding. It costs 
money to train them, of course, but, in the long run, we have found it 
much more satisfactory. 


MEMBER: I would like to ask Mr. Berry what factors he considers 
when setting the merit rating on an individual operator. 

Mr. Berry: Merit rating can never be an exact science. It is simply 
an individual or a group of individual appraisals of a man equated 
against qualities we hope our employees have. If we were selecting a 
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man, we would put at the top of the list his desire to progress as an indi- 
vidual. A man with no desire to progress will have a very low merit rat- 
ing. The most important thing we look for in placing a man is his inter- 
est in the job and in his fellow workers. We check from time to time, and 
the man who is effervescent, enthusiastic and gets along with his fellow 
workers is the man who rates highest. We do not mean a man who will 
not talk back, because if a man does not like something, we want him ito 
tell us about it. 

MEMBER: [| would like to know Mr. Berry’s opinion on placing a maxi- 
mum on earnings for any particular piece-work job? 

Co-CHAIRMAN WESTOVER: Do you mean a high limit above which you 
will not pay on a piece-work job? 

MEMBER: Yes. Take for example an inspecting job where there is the 
possibility of the person on the job shoveling the objects into his con- 
tainer instead of inspecting them. Would you put a maximum on the 
job so that he will spend the time he should in doing it? 

Mr. Berry: Are you speaking of an incentive job? 

MEMBER: Yes. 

Mr. Berry: In our opinion, the minute a ceiling is put on the earnings 
on an incentive job, the incentive system is not worth anything. 

If a man does something dishonest and makes a lot of money, it is the 
fault of management. A piece rate or a wage incentive system should 
never be set unless it has been balanced and checked on each job. In our 
case, that is the job of the time study man. In other words, he goes over 
all the work tickets and all the earnings of all the men working on piece 
work each day. We keep an average earning of every productive worker 
in the plant on a wage incentive system. If a man cheats, he may not be 
caught today, but he will be tomorrow. 

W. E. GeorGe*: Is it possible to compute the percentage of improve- 
ment in a job? Who keeps a record so that there is a new rate every 
time an improvement is made? 

Mr. Berry: The Time Study Methods Department. We go back to our 
work standards and our records indicate how that job was done in every 
detail. 

Mr. GEORGE: In other words, every change, no matter how small, calls 
for a restudy of the rate. Do you put it up to supervision or up to the 
time study head to find that change? 

Mr. BERRY: Both. 


MEMBER: What would be the method in making a reduction in rate or 
an adjustment in rate, if the supervisor does not tell about his change in 
method but il is accidentally discovered? 

Mr. Berry: I cannot answer that because if the supervisor did that, 
he would no longer be a supervisor. 

CHAIRMAN WARTGOW: Our foreman made changes in the jobs without 
telling anyone until some man who was supposed to make $1 an hour 
was making about $2.50 an hour. Then some one questioned the rate. To 
get away from that, we appointed a planning committee, and we are now 
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writing up in detail every move or every operation of the jobs in the shop. 
We draw up a print of the cope and the drag and the molding depart- 
ment, showing where the chilled dies are put, what size and how much, 
where the heads are, what size, etc., and there is not any one in the shop 
who can make a change until it comes through the planning committee. 


J. H. HoCHMAN*: A company with which I was formerly connected 
had three major progressive assembly lines, with about 200 men on each 
line assembling quite a large commodity. We had a very good method 
and cost improvement department which followed all suggestions through. 
When the suggestions were put into effect on the major assembly line, if 
it was an improvement, we never could make the per cent change because 
the lines were manned to do a certain amount of work. The only way 
to change that was to re-evaluate the entire line from beginning to end, 
probably a 2 or 3 months’ job. Every time we tried to make the changes, 
the cost reductions fell flat. If it was material savings, we got that, but 
no labor savings. 


Co-CHAIRMAN WESTOVER: Mr. Wartgow mentioned that his company 
has set up detailed specifications of all jobs on which they are paying 
piece rates. Any who are just getting into this work or have a new union 
contract coming up will do well to make some provision that if a job is 
changed and the change is not caught at the time for readjustment of 
rate, the rate can be readjusted when the change is discovered, as soon 
as the order the particular operator is working on is out. It might be 
possible to write in the provision that the rate can be changed to the cor- 
rect amount for what is being done at the time the change is discovered. 
However, from the psychological standpoint, it would be better to let the 
operator keep right on with the present order at the former rate. 


R. G. WIELAND‘: I believe both Mr. Berry and Mr. Wartgow said 
they were paying piece-work money on the basis of time studies and job 
evaluation. Do they also show the time study standards and unit hours 
for the men? 


Mr. Berry: It is necessary to have a unit hour to interpret it into a 
dollar-and-cents value. In the event that a man complains about a rate, 
that man, the foreman and the time study man go over a complete and 
detailed analysis of it. When a time study is taken, the man who takes it 
or who sets it up from synthetic time must have it approved by the imme- 
diate department supervisors. He must have it further approved by the 
superintendent of that shop, whether it is a foundry or a machine shop, 
and he must have the okay and approval of the general superintendent. 


You will say that is a long rigmarole to go through, but it is not be- 
cause all of those men have had experience in the time study department. 
We cannot forget that we are dealing with a most vital thing in indus- 
try, namely, the setting up of wage payments. That is the reason the 
group of four people must approve a given time study before the rate is 
arrived at. We never put the unit time on the time card, but we have a 
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standard showing the exact unit time for checking with the operator if 
he is in difficulty with his job. 

Mr. WIELAND: I believe a great mistake is made by not emphasizing 
time because it can be proved a lot better than some other things. 

L. O. TAYLor®: Do you penalize your operators, if they make an im- 
provement in the job, or do you let them continue on at the old rate so 
that they get the benefit of the improvement they have made? 

Mr. BERRY: Suppose a man is doing a job and he is making $1.10 an 
hour on that job. The job is equitably paid for and equitably standard- 
ized as far as our ability would permit it to be standardized. The man 
is an ingenious chap and he finds a better and quicker way of doing it. 
We go out and make a new time study, and we set a fair and equitable 
rate. We will lean over backward a little bit and instead of making it 
$1.10 an hour, we will make it $1.20 an hour so he gets the ten-cent dif- 
ferential. This is not a written law but just a question of fair play. If 
he is good enough to think of a better way, we think he is deserving of 
an increase. 

We have had a lot of experience with the so-called suggestion box. Our 
own opinion is that we do not like it because we have found no one in 
our organization able to properly interpret the value of a suggestion. 

Mr. GEorGE: If you deliberately let a man make $1.20 on a $1.10 job, 
are you sticking strictly to your system of standards data? 

Mr. Berry: Yes, we are. We have a standard set up on which he 
makes $1.10. He is smarter than we are. He sets up a new standard, and 
we in turn set up a new standard. Standards may come and standards 
may go, but standardization goes on forever. 

Mr. GeorGE: But let us say it is a case of planning two cuts on the 
lathe operation, and a good operator discovered he could do it with one 
cut. He cuts the job down. He is allowed to make $1.20, but tomorrow 
there are three more jobs just like that which will require the same 
amount of cut. Will those three jobs be put back to $1.10? 

Mr. Berry: That is not a correct and proper hypothesis. A machine 
tool is purchased and tested for the speeds and feeds it will take on a giv- 
en alloy of steel or common steel. All of the cutting speeds are properly 
equated. We never measure the actual cutting time. 

Mr. GEORGE: But you do have a borderline where you assume it might 
be two cuts or one cut. 

Mr. Berry: There is no borderline. 

MR, GEORGE: What if you said it was two and the worker did it in 
one? 

Mr. Berry: I cannot conceive of that. If the standards are properly 
set and the machines properly equated, that would not happen. We do 
all of our figuring on machine work cutting times from slide rules, and 
the figures are accurate and definite. 

Mr. GEORGE: I have seen workers better the speed and feed set up. 

Mr. Berry: I have seen hundreds of workers beat all kinds of set- 
ups. That is why I say and have said time and again that the first thing 
to do when setting up a wage incentive system is to set up operating 
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standards. Many companies make a mistake because they will not spend 
the money, the time or the effort to set up proper operating standards. 

Mr. GEORGE: Did you improve your standards when carbide steels 
came in? 

Mr. BERRY: We started using carbide steels 3 or 4 years ago. No one 
could get a carbide tool from the tool room until it had been approved by 
the superintendent of the machine shop. We have reduced our rates on 
carbide tooling over 60 per cent. We had jobs that took 25 hours which 
were intermittent cutting on steel castings. We used to run 35 ft. per 
min. on intermittent cutting, and we now are running 210 ft. per min., 
so we have made a complete and revised new set of standards on carbide 
tools. 

We expected trouble because there were a lot of rates that men had 
been working on for 10, 12 or 15 years, but we were disappointed because 
the reaction was entirely different. It is operating psychology, pure and 
simple. We did not just hand the tools to the man and tell him to run 
the feed at a set speed and let it go at that. We showed him the steel, 
told him all about it and had the superintendent and the time study 
man looking at it. We got him enthused because he wis in the experi- 
mental stage of an era of new things. He did not complain about the 
rate. He made the same money or perhaps a little more than he had 
before. As a matter of fact, we figured he would make 10 per cent more 
because there were more hazards to the job at 210 ft. per min. than at 35 
pt. per min. 

MEMBER: Do you find it generally advisable to put inspection jobs on 
a straight piece-work rate? 

Mr. BERRY: We have yet to do our first inspection job on a wage in- 
centive system. 

Mr. TAYLOR: We had a great deal of trouble with gas tanks. We had 
tank inspectors on piece work and some leaky tanks got through so we 
got the idea of paying a high piece-work price on any leaks, and we had a 
provision that if a tank was found leaking in the field, the inspector paid 
the loss, the return freight and the repair cost. Even with that provision 
the man made a good bonus on the piece-work plan and it stopped our 
leaks entirely. 

We find it advantageous at our company to pay the inspectors for bad 
work rather than good work. On that basis, inspection can be put on 
piece-work rates just the same as any other work. 

Mr. LUBENKOV: How could inspection be set on anything that requires 
blueprint reading? For example, where intricate castings are concerned, 
the inspector might handle 10,000 different pieces in a week’s time which 
would require a lot of blueprint reading. 

Mr. TAyYLor: On that kind of a job there would be a man whd was 
more capable than just a rough casting inspector. If he was paid for 
finding faults, I believe it would work out successfully. 

Mr. LUBENKOV: Would you have a piece-work rate cn it? 

Mr. TAYLOR: On the bad part he finds rather than on the good part. 


MEMBER: Do you have any group piece rates? 
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Mr. Berry: No. 

MEMBER: Where there are a number of closely associated operations 
and there is not room for each man to work individually to advantage, 
a group piece rate is placed on it. Suppose an improvement is made that 
will not actually increase the output of the line but will save half the time 
of a man if that time can be utilized in some way. Then, six months later 
a way is found to take advantage of the other half of his time, and he 
can be taken off of the first job. What would be an equitable way io 
handle that? 

Mr. Berry: I am sorry that I cannot answer that. You have proved 
to me very definitely why we have never put group piece-work in. The 
other men have been quite insistent that we put in group piece-work, 
particularly on major assembly jobs. I have always fought it because 
I could find no equitable way of taking care of it. That is particularly 
true in our shop, because we are primarily and basically an engineering 
plant which makes things rather than manufactures them. We do have 
a semi-standard item in a crane or shovel where four or six men may be 
working on it at a time. Our limit on group piece-work there is two men, 
the mechanic and his helper, and the job is broken down into various 
divisions of work. We set a piece-work price for doing one part and other 
piece-work price for doing another part. 

Mr. HOCKMAN: I would like to hear an expression on a really equitable 
way of setting up bonus plans for the supervisors in the core room and 
sand factory, one that is not just based upon weights and some fictitious 
values that will ultimately represent efficiency and is not equitable. 

MEMBER: We have a foreman’s bonus for the core room, molding de- 
partment and cleaning department, based on a combination of the found- 
ry scrap and of the return scrap. We figure out the saving that we would 
get on one per cent reduction in total scrap by the total financial opera- 
tion over a period. Then, we figure the saving and give our foremen 50 
per cent. 

Mr. GEORGE: Bonuses can be set in the foundry by many methods. 
The method I have seen work well in several companies is one relating 
the budgeted cost to the sales dollar. Budgets of so much per ton can be 
set, depending on the kind of work, etc., based on a study of last year’s 
work or the last five years’ work, separating the five years so there will 
be five pictures to study. In terms of the sales dollar, a fair budget can be 
decided for foundry work, for core workers, for cleaning work, for mainte- 
nance, and for metal cost. The costs can be related to the sales dollar if 
the sales department is in any way consistent. Having done that, man- 
agement can say to the foreman, “Here is an expected or a fair cost for 
molding, $20 a ton for the kind of work we are running today, $18 for 
core work of the type we are doing today, and tomorrow, if it is more 
difficult work, you can expect a higher allowance.” Using a direct ratio 


of yesterday’s sales price to tomorrow’s sales price, management can say, 
“The sales price has gone from $140 a ton to $180 a ton. Tomorrow we 
are going to allow you 18/14 of the amount allowed you yesterday.” 
It works as fairly as any foundry method for budgeting. 
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DISCUSSION HY 


Mr. TAYLOR: We have had a little experience with the incentive bonus 
for foremen. The foreman wants money equal to, or a little more than 
the men who work under him. We hit upon the plan of paying the fore- 
men just a little, probably 5 per cent, more than the highest piece-worker 
in the department. It worked well until the foremen began to push the 
men. The foremen have to be watched when the rate is set up, but it is 
a very satisfactory system when the foremen are loyal both to the men 
and to the company. 

MEMBER: We have been budgeting our materials in the different de- 
partments for probably 10 or 12 years. We tried the foremen’s bonus 
based on that. We also tried the foremen’s bonus based on the earnings 
of the men in the shop. We were not very successful. We found the best 
way to do it was to base it on something which the foremen knew about 
from day to day and foundry scrap is something that they know about 
all the time. Any foundryman knows that a reduction in foundry scrap 
means a corresponding reduction in foundry costs. 

Mr. GEORGE: I believe twice as much time as is necessary can be spent 
on work, getting much higher costs than necessary, and perhaps have no 
scrap at all. 

Mr. HOCHMAN: We have hit upon a plan recently which we think is 
applicable to the foremen’s and supervisors’ bonus, namely, taking the 
book value of all the good castings produced at the first inspection point, 
and comparing that to the actual cost of the department, including all 
of the melters, molders, etc. Anything that is done to decrease the indirect 
labor would increase the percentage of the direct cost compared to the to- 
tal cost. I do not know whether it could be called efficiency, but it would 
change the efficiency and it would provide a theoretical value to work 
toward. 

Mr. GeorGE: Fifteen years ago, I was with a consulting firm which 
then used supervision bonuses based on indirect ratios of labor and mate- 
rial cost to direct labor cost. 

Co-CHAIRMAN WESTOVER: We used that system, but ours is now sav- 
ing on units, the indirect cost against the unit as well as the direct cost 
against the unit. 

Mr. GEORGE: In other words, the overhead in the department should 
be, we will say, 75 or 125 per cent of labor. Are you making some type 
of ratio as a good figure for the foremen to aim at? f 

Co-CHAIRMAN WESTOVER: Our supervisors’ bonus is based entirely 
upon the operating efficiency of the men in the department. 

Mr. GEORGE: How do you measure the efficiency of your indirect 
labor? Is it on term of ratio? 

Co-CHAIRMAN WESTOVER: No. We have most of it on the basis of di- 
rect piece work on either a group bonus or a direct-man bonus. 

A. W. Perrce®: Mr. Berry, in your time study department do you 
endeavor to teach a time study man to be able to go into the foundry, 
the machine shop or the fabricating shop to take the study, or do you 
say to two certain men, “It is your job to watch the foundry,” and to 
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two other men, “It is your job to watch the machine shop’? 


Mr. Berry: That goes through two stages. First, specifically, we take 
a foundryman who has worked in a foundry, and he eventually becomes 
a foundry time study man. Perhaps, after a few years, we transfer him 
to the machine shop and build him up if he is good enough and has 
enough aptitude to handle any of the three shops competently. We strive 
for that because it gives us flexibility of organization. We like to have 
one man capable of doing two, three, four, five or six jobs. We have found 
it very beneficial. We have perhaps four men in our plant who can make 
a job analysis in any of the shops, and it is rarely that even one can be 
found who can do that. 

CHAIRMAN WARTGOW: Today, when men are needed in a hurry and jt 
is not possible to train them in all the departments of a plant, it is better 
to break them in on one specific job. That applies not only to time study 
men but to machinists and skilled men alike. 























Lumber for the Patternmaker and Foundryman— 


Its Grades, Characteristics and the Effect of External Factors 


By E. T. Kinpt*, CLEvELAND, O. 


Abstract 

The author first presents a discussion of the structure 
of wood for pattern and foundry uses, next taking up a 
comparison of white and sugar pine and mahogany char- 
acteristics. He then describes factors in seasoning and 
kiln-drying. A very important section is presented on the 
basis of grading and an outline of grades and common 
causes of complaints. Other items covered are measur- 
ing, shrinkage and contraction, and effects of shop room 
atmospheric conditions. 


1. This paper is presented with the thought of presenting ideas 
and information gained through years we have spent in contact 
with patternmakers and foundrymen. When we were first ap- 
proached to present a paper at this meeting our first question was 
naturally, what to present. After due consideration it seemed to us 
that the one thing that we had been questioned about most by the 
patternmakers and foundrymen throughout the country was lum 
ber. This subject is universal and inexhaustible. Lumber is among 
the most important and least understood elements in our industry) 

2. Lumber problems are manifold. We, therefore, respectfully 
submit to you this paper on pattern and flask lumber, the grades, 
characteristics and the effect of external factors, which we sincere 
lv hope will contribute something to our important industry. 


STRUCTURE 


3. First is the question—‘‘what is wood?’’ The chemical com 

* President, Kindt-Collins Co. 

Note: This paper was presented at a patternmaking session of the 46th Anuna! 
A.F.A. Convention, Cleveland, O., Apri! 21, 1942 
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position of wood is about 60 per cent cellulose, 28 per cent lignin, 
with minor quantities of other materials. Cellulose is colorless and 
forms the framework of the cell wall. The cells are similar to 
straw in minute form. Lignin is the cementing material that 
binds the cellulose together and is also mixed with cellulose in the 
cell wall proper. Color, odor and natural resistance to decay are 
credited to the approximate 2 per cent of the materials other than 
cellulose or lignin. 

4. Fig. 1 is a cross-section of a tree trunk showing the well de- 
fined features and successions from the outside to the center. First 
is the bark, which may be divided into the outer corky dead por- 
tion, which varies greatly in thickness, and the thin inner living 
portion. Next comes the real wood which is clearly differentiated 
into sap woods and heart woods. Between the bark and the sap 
wood is a thin layer, invisible except under a microscope, called 
the cambium, in which all growth of a tree in thickness of bark 
and wood take place. 
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Fic. 1—Tue Tree TRUNK. (A) CambBiuM LAYER (Microscopic) Is INswwEe or INNER BARK 
AND Forms Woop AND BarK CeLis. (B) INNER BARK Is Moist AND Sort. CARRIES 
PREPARED Foop FROM LeAVES TO ALL GROWING PARTS oF Tree. (C) OvuTER BARK OR 
Corky Layer Is Composep oF Dry Deap Tissue. Gives GENERAL PROTECTION AGAINST 
EXTERNAL INJURIES. (D) Sapwoop Is THE LIGHT-CoLOoRED Woop BENEATH THE BARK. 
Carries Sap From Roots to Leaves. (£) Heartwoop (INACTIVE) Is FormMep By A GRAD- 
UAL CHANGE IN THE Sapwoop. Gives THE TREE StreNnctH. (F) Pirn Is THe Sori 
Tissue AsouT WHICH THE First Woop Growrn TAKES PLACE IN THE NEWLY FoRMED 
Twics. (G) Woop Rays Connect THE Various LAYERS FROM PITH TO BARK FOR STORAGE 
AND TRANSFERENCE OF Foop 
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5. No growth in either diameter or length takes place in wood 
already formed (namely, center of tree). New growth is the addi 
tion of new layers, not the development of old ones. Branches of 
young trees originate at the pith or heart. As a tree grows the 
lower branches die and drop off. The dead stubs become covered 
with new wood and form knots. These knots vary in character and 
size according to the growth and inherent species characteristics. 

6. The sap wood, or rings, surrounding a mature white pine 
tree is anywhere from 1 to 2-in. in thickness. The first limb on a 
matured pine tree may be from 40 to 70 ft. from the ground. 

7. We give these few meager facts concerning the growth of a 
tree in order that one may better appreciate the fact that trees 
grow. They are a product of nature, and every tree has different 
characteristies, the same as human beings. Wood is, perhaps, the 
most misunderstood of the major materials that are used in 
pattern shops, and we are going to attempt to explain in a very 
brief manner a few things that every patternmaker and foundry 
‘man should know 


PINE 


8. There are three species of pine, namely, northern white pine 

Pinus Strobus), Idaho white pine (Pinus Monticola) and sugar 
pine (Pinus Lambertiana). All of these are soft woods and fre 
quently called conifers, because virtually all three species bear 
cones and their leaves are needle-like. These three species are to 
day being universally used for building patterns and flasks. 


Northern White Pine 

9. Northern white pine, originally known just as white pine, is 
found principally in the lake states and northeastern states and 
the Appalachian region. The wood is moderately light in weight, 
approximately 2100 lb. per M ft., moderately low in strength, and 
usually straight-grained. The soft, uniform texture of the virgin 
growth has won for it extensive use in building fine patterns. It 
changes dimensions little with changes in moisture content and is 
easily worked. The species makes a most desirable wood for pat- 
terns and flasks. Virgin growth is becoming rather scarce. 


Sugar Pine 


10. Sugar pine is a native of California and southern Oregon. 
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It is similar in appearance and properties to northern white pine, 
but can usually be distinguished by its most conspicuous resin 
duets. It is somewhat softer than northern white pine, and will 
not carve as smoothly with hand tools, especially on end grain, as 
the northern pine. The finest quality of sugar pine is produced 
in the high altitudes of California. 


Idaho Pin 

11. Idaho pine is grown principally in northern Idaho, eastern 
Washington and western Montana. This species of pine resembles 
the northern white pine very closely. It is a trifle harder, a little 
more difficult to work, and is somewhat heavier, approximately 
2300 lb. per M ft. It will swell and shrink a little more with changes 


in moisture content than northern white pine. 


ILARDWOOD LUMBER FOR PATTERNS 


12. With reference to hardwood lumber for patternmakers. 
there is no question that mahogany holds the upper-hand today 
There are three distinct species, namely, the Central American, Mex 
ican, and Peruvian. The Central American and Mexican mahog- 
any are almost identical in texture, weight and hardness. Peruvian 
mahogany is somewhat closer-grained, harder, and weighs more 
than the other two mentioned, 3800 lb. per M ft. All of the 
three species respond about the same so far as shrinking and swell 


ing @o in various humidities 


SEASONING LUMBER 


13. Next let us consider seasoning of lumber. We are a firm 
believer in the water curing of logs. When the trees are felled. 
they are cut into lengths and then the logs are dropped into water 
where they remain for anywhere from one to two years. This 
process of letting the logs lay in the water for long periods will 
extract resinous material and also tends to cure the wood while 
still in the logs. Lumber cut from water-cured logs will positively 
be more mellow and has a tendeney to relieve strains, and will dry 
a lot faster after once cut into lumber. 

14. In our early experience, we can remember very distinctly 
that a number of the large northern white pine mills took pride 


in saving that all their logs were water-cured, and we have seen 


several years’ cut of logs that were waiting to be cut up into lumber. 
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Today, this water-curing still exists, but the logs are not left in the 
water nearly as long. 

15. After lumber is cut it is taken out into the yard and put 
into piles with strips in between each layer, or tier. The strips are 
evenly placed approximately four feet apart and care is taken so 
that each strip is exactly on top of the one that is under it, in order 
that the board will have the perfect support 

16. Most of the high grade mills protect their thick lumber, say 
$-in. and 4-in., by boxing around it so as to retard the flow of air 
This prevents checking. If this were not done it would be quite 
possible that the outside of thick lumber would drv too fast over 
the wet core. [t requires about one vear to every inch in thickness, 
to bring lumber down to the moisture content of the average hu 
midity surrounding it. 

17. The average moisture content of a thoroughly seasoned piece 
of white pine is anywhere from 10 to 14 per cent, depending upon 


the locality in which the seasoning takes place. 


Length of Seasoning Important 

18. For patternmakers to use air-dried lumber with any degree 
of satisfaction, it would be necessary to take lumber into the shop 
and again pile it on strippers and Jeave it to acclimate anywhere 
from 6 months to 2 vears, the length of time depending upon the 
thickness of the lumber. Care would also have to be taken that any 
lumber so piled in the pattern shop would be properly ventilated 
This method of acclimation would be perhaps the most ideal under 
the average shop conditions. 

19. Some 20 years ago, we happened to be in a very fine pat 
tern shop. The foreman of this shop, to whom we talked, had been 
in the employ of this company for some 35 years. He told us that 
his policy always had been never to use any lumber that had not 
been in his shop for three vears, and he was very proud to show 
us several stacks of lumber 4-in. and 6-in. thick that had been there 
for 22 vears. We mention this merely as it is such an unusual 
case. The average patternmaker does not give enough attention 
to the acclimation of lumber in his shop. 


Kiln-Drying 

20. Most of the pattern lumber that is used today has been kiln 
dried. Today with the modern kilns it is possible to extract the 
moisture from lumber down to 6 or 7 per cent moisture content in a 
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fairly satisfactory manner. When lumber is put through the kiln 
it shrinks in measurement from 3 to 5 per cent, depending upon the 
moisture content of the lumber when it enters the kiln. Lumber 
will also degrade 3 per cent or more as kiln-drying brings out cer 
tain imperfections that cannot be seen in the air-dried lumber. 

21. While preparing lumber in the modern kiln gives the work 
man dry lumber, however, we do not believe that this is yet the 
final answer to the many discrepancies to accurate pattern work 


We will come back to this subject a little later. 


Grades 

22. We would like to sav a few words about various grades of 
pattern and flask lumber from a practical angle. A matured tree, 
one eut into lumber, vields boards of various grades. These grades 
divide the product of the tree into numerous segregations, each 
having a relatively narrow range in quality which enables the re 
spective user to purchase the grade that suits his purpose, provid- 


ing, of course, he has a clear understanding of grades. 


Basis of Grades 

23. A grade of a board is based on the number, character and 
location of such defects as knots, mineral streaks, pitch pockets 
rot, sometimes called doze checks, shake and stain. Most of these 
defects are a natural part of the tree. The various imperfections 


mentioned do not prevent the use of such lumber from giving en 


tire satisfaction when used for the proper purpose. 


24. While time does not permit us to go too deeply into the 
matter of grading lumber, however, we wish to give sufficient in- 
formation for those who are interested so that they can get grading 
rules for both the soft woods and hardwoods. 


Sugar Pine and Idaho Pine 

25. Sugar pine and Idaho pine come directly under the stand- 
ard grading rules as published by the WesTeRN PINE AssocrIATION 
which is the administrative agency of lumber code authority in the 
western pine division. Their address is Portland, Oregon. In 
their book of rules they say 


“The purpose of grades is to maintain a standard of measure of 
value between mills manufacturing the same or similar woods, by 
harmonizing the natural differences existing between the different 
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stocks of lumber regardless of the character of the logs from which 
they are produced, regardless of the mill from which it comes. Uni- 
form grades also provide both buyers and sellers of lumber with a 
measure by which each éan determine whether he is buying or sell 
ing full value.” 


26. We refer those using northern white pine to the NORTHERN 
PINE MANUFACTURERS ASSOCIATION, Minneapolis, Minn., who also 
issue a book on grading rules. These rules differ slightly from the 
WESTERN PINE ASSOCIATION rules 


Vahogany 

27. <All mahogany comes under the Natura Harpwoop LuM- 
BER ASSOCIATION rules, whose address is 2408 Buckingham Bldg., 
Chieago, Illinois. Hardwood grading rules differ greatly from 
the pine rules. In pine rules, we maintain that there are nine 
grades suitable for pattern work, and two grades that are suitable 
for foundry flask and slip jacket work 


Recommendations 

28. In both sugar pine and Idaho white pine, which come under 
the WersteRN Prne ASSOCIATION grading rules, our recommen- 
dation is that grades from F. A. 8S. CLEAR all the way down to the 
No. 2 CoMMON AND Berrer, have a distinct place in the patter 
shop, as do the northern pine grades from the B. & Berrer down to 
the No. 2 Common. 

29. For foundry work, in the northern white pine grades, we 
recommend the No. 2 and No. 3 Common for flasks, depending en 
tirely upon the size and service required from the particular flask 
and slip jackets to be built. 


30. In the mahogany field there are five grades that cover the 
entire field. 


31. It is urged that the foundryman and patternmaker keep in 
mind that the human element enters into the grading of lumber. 
Each grade has its respective low and high line boards. Certain 
tolerances must be accepted. 


32. Our observation, over a period of years, has been that dur- 
ing times of depression and lower labor costs, cheaper and lower 
vyrades of lumber are demanded for pattern and foundry work. 
The demand for higher grades increases with labor costs and more 
prosperous times. 
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Usk OF VARIOUS GRADES VS. Cosi 


33. The writer recalls an experience he had calling on two 
competitors located in the same town. Both were building the 
same large class of patterns. One was using a No. 1 COMMON grade 
and the other was using a C Serect & Berrer grade. We maintain 
that in this case the party using the No. 1 CoMMON was producing 
patterns equally as good as the one using the C Srevectr. At the 
same time he was saving his firm approximately $40.00 per M ft. 
Here again is where the human element entered into the picture, 


and it was one man’s opinion against the other’s 


COMPLAINTS 


34. Below are enumerated five of the most common reasons for 


complaints in respective order : 


] Not the grade ordered, or expected 

2 Lumber not sufficiently dry. 

3 lumber too prone to twisting, warping or splitting. 

! Too much narrow stock. 

= Lumber too cross-grained or too hard textured, or too 


much piteh 


35. There is no question in our mind that each user has had 
complaints as enumerated, perhaps many times. No grading rules 
cover complaints Nos. 2. 3 and 5. Here we might mention that 
too often pattern and flask lumber is bought strictly on price. 
There are a number of very fine concerns who are specializing in 
pattern and flask lumber, and they can give the user, without 
question, the most satisfactory material dollar for dollar over any 


period of time It only makes common sense 


RECOMMENDS MARKING 


36. I firmly believe that the AMERICAN FOUNDRYMEN’S Asso- 
CIATION could profitably appoint a committee to recommend and 
standardize grades and species of pattern and foundry lumber. 
Such a move would be a step in the right direction and save thou- 
sands of dollars for the affiliated members. 


37. The purchaser of off-grade lumber has the recourse of ap- 
plying to any one of the three lumber associations as mentioned 
before for a re-inspection of grade. The expense of re-grading 
is borne by the buy er if the grade is found to be eorrect. If more 
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Fig. 2-—Boarp RULE 


than 4 per cent in hardwood, and more than 5 per cent in pine, is 
off-grade, the shipment can be returned and all expense is borne 
by the seller. 


MEASURING 


38. To measure lumber properly one must do so with a standard 
lumber rule so graduated that it caleulates the number of surface 
board feet in any length piece. Surface measure means the con 
tents of a board on the surface. Boards are measured in thickness 
by quarters. One-in. is called 4/4, 114-in. is called 5/4 and 2-in., 
8/4, ete. When the lumber shows 16 ft. surface and the lumber is 
l-in. thick, or 4/4, there would be 16 ft. of lumber in the board. 
If the lumber is 2-in. thick, or 8/4, one doubles the surface measure 
ment of 16 ft. or 32 ft. contained in the 2-in. board. Remember less 
than 1-in. thick is always measured as 1-in. Quoting from one of 
the grading rule books regarding measurements: 

“A material measured with a board rule on actual widths, pieces 
measured to the even half foot shall be alternately counted as of 
the next higher and lower foot count. Fractions below the half foot 


shall be dropped and fractions above counted as of the next higher 
foot. 


“Because of the variable human element in the application and 
use of a board rule, a difference of not to exceed 1% per cent shall 
be considered a reasonable variation between tallies.” 


SHRINKAGE AND EXPANSION 


39. The subject of shrinkage and expansion is rather technical, 
but of vital interest. The word ‘‘bone-dry lumber’’ is often used 
vet really means nothing to a patternmaker. Tremendous amounts 
of money are wasted annually on correcting wood patterns. Be- 
sides, a great deal of metal is wasted for the reason of patterns 
swelling out of shape and losing the costly accuracies built into 
them. Wood naturally shrinks and expands according to atmos- 
pherie conditions which surround it. 
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Errects OF MOISTURE IN AIR 


10. Air always contains some moisture in the form of invisible 
vapor and this quantity of moisture is variable from day to day 
and from one locality to another. When a pattern is exposed to 
the atmosphere in which the quantity of moisture is variable, it 
quickly changes in moisture content* and shrinks or swells or twists 
accordingly 

11. No matter how thoroughly or earetully the lumber may 
have been dried or seasoned it daily changes its moisture content 
taking on or giving off moisture to adjust itself to changing at- 
mospherie conditions. Contrary to the general opinion, when wood 
is air-dried, it finally reaches a moisture content below which it 
does not go no matter how long it may be seasoned, unless there is 


a decided change in the atmospheric condition 


LoNG Time EFFect 


12. The Forest Propucts Lasporatory of the United States 
Forest Service, Madison, Wis., is responsible for the statement that 
a quantity of black walnut, after being air seasoned in an unheated 
building, but protected from the weather for 60 years, had a mois- 
ture content of 11.6 per cent. Over half a century of air seasoning 
failed to reduce the moisture content of this particular lot of lum- 





Fic. 3—Wood. WHEN Exposed TO THE RELATIVE HUMIDITIES SHOWN, AT A TSMPERATURE 
or 70°F. Witt ATTAIN THE MotstuRE CoNTENT INDICATED BY THIS EQuILiprtuM CURVE. 
: ‘ss niekiammssloges 
: * Mass of water vapor per unit volume of air. 
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Fic. 4—PsyCHROMETER—For Testinc Revative Humpty 


ber so that one would be able to build patterns from it with any 
degree of accuracy during the winter months. We believe the rea 
son for that is that in practically all the pattern shops we have ever 
seen, the relative humidity is too low, especially so when the out 
side temperatures are below freezing. We have, personally, tested 
many shops for relative humidity, and we can frankly say that 
we have never found two shops which were alike in this respect in 
the same town on the same day. 


SHOP CONDITIONS 


43. Too often, pattern lumber has been condemned as being too 
wet when actually the lumber has not been at fault, but the out- 
side influence surrounding it. In all of our experience, we have 
failed to ever hear a patternmaker say ‘‘it’s the condition of our 
shop and not the lumber that is giving us the trouble’’. 

44. During winter months, when windows and doors are closed, 
and dry, artificial heat is used, pattern shops become extremely 
dry, often dangerously so. When properly seasoned lumber is 
brought in it actually seems wet, and will shrink. 


One Example 

45. Only a short time ago following a very cold snap, we had 
an opportunity to make a thorough check on a large jobbing pattern 
shop building aircraft engine patterns which was having trouble 
with lumber and patterns checking and shrinking. We first checked 
the rough lumber in the lumber rack with an electric moisture 
content tester and found it to have from 8 to 9 per cent moisture 
content. We also checked some pine pieces approximately 12 in. 


square by 5 ft. long which had been glued and which showed con- 
siderable check. 

46. These pieces registered 7 per cent moisture content on the 
outside. We also checked several bench tops and found them to be 
less than 6 per cent. The relative humidity was then checked with 
a wet and dry bulb checker and found to be 34 per cent which 








onbed 
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would put lumber in equilibrium with less than 7 per cent mois- 
ture content 

47. We found the relative humidity* in the location of the lum- 
ber storage rack to be 42 per cent. The trouble with this particular 
shop, as we figured it, was that the lumber was being brought into 
the pattern shop from the lumber rack and was drying out too 


fast on the outside 


SHRINKAGE AND CHECKING 


48. When lumber dries it will shrink. Consequently, checking 
results. Now what would one expect to happen to wood patterns 
and coreboxes built accurately and dried out to a 6 per eent 
moisture content when taken to a foundry and surrounded by wet 





Fic. 5—Woop Tester—E.ectric Moisture TesTtiInc APPARATUS. 


* The ratio of the water present in the atmosphere to the quantity which would sat- 
rate at the temperature of the air at the time 
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Fic. 6—MAHOGANY LOG IN THE DepTuSs oF A TROPICAL JUNGLE 


sand. We do not have to tell you, you know the answer. If the 
work is very complicated it will require many man hours to again 
make cores fit and centerlines check. Discrepancies of this sort 
ean be directly attributed to faulty atmospheric conditions in vour 
shop and storage vault. 

19. We often hear pattermakers talking about splitting 1/64ths 
of an inch on wood patterns and using veneers and occasionally 





Fic. 7—MAWHoOGANY Loos tN WarTer. 
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micrometers. A 12-in. flat grained pine board will shrink 1/16th 
of an inch when the moisture content is reduced from 12 per cent 
to 7 per cent. Wood shrinks most in the direction of the annual 
erowth ring tangentially, commonly called flat grain, and about 
one-half to two-thirds as much across these rings radially, called 
edge grain. Practically no shrinkage or expansion takes place 
longitudinally except when a board is excessively cross-grained 
and lengthwise shrinkage is a combination of crosswise and longi 
tudinal change 

50. The percentage of moisture content recommended for either 
pine or mahogany is selected for the purpose of reducing changes 
in moisture content to a minimum, thereby minimizing dimension- 
al change after the patterns and coreboxes are put into service 


or stored aw ay 


MoImstTURE CONTROLLED STORAGI 


51. To you we wish to say that our experience has been that the 
average patternmaker has paid too little attention to moisture con- 
tent of lumber and relative humidity in patternshops and storage 
vaults. A moisture meter for testing !umber and a wet and drv 
bulb instrument for testing humidity can be bought at a very 
nominal figure. By the proper use of them you will be greatly 
benefited and we predict that as time goes on, pattern shops 


and storage vaults will be humidified or moisture controlled. 


DISCUSSION 


Presiding: E. J. BRADY, Western Foundry Co., Chicago, IIl. 

Co-Chairman: A. PYLE, JR., Pyle Pattern & Manufacturing Co., Mus- 
kegon, Mich. 

CHAIRMAN Brapy: I think the suggestion that we look into the mat- 
ter of moisture-measuring instruments will be very beneficial. In years 
gone by, we have condemned lumber entirely after checking patterns 
and finding shrinkage and haywire center lines. I think we should 
qualify that in the future by checking to see whether or not the room is 
properly humidified and, in that way, protect both the lumber and our- 
selves. 

MEMBER: | happen to be a user of Idaho White Pine and have been 
using a moisture meter for the last three years which I find very help- 
ful. However, I would like to bring out the fact that there are two types 
of moisture in pattern lumber. One of them is the original sap which 
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cemes into lumber as it grows and which is supposed to be removed by 
the lumber manufacturer in the process known as dry kilning. 

Today, unfortunately, lumber mills do not have time to properly cure 
lumber. They claim that we patternmakers should be satisfied to receive 
the lumber with a moisture content of 10 to 12 per cent. When we get 
the lumber in that state there is not enough of the original sap taken 
out of it. Not enough steam has soaked into the lumber to wash out the 
sap when it is dried. For that reason, when it goes into hot places or 
dry places and comes out into moisture again, its size changes too fast. 

On the other hand, if we could in some way get our lumber manufac- 
turers to cure our lumber down to approximately 8 per cent, it would 
break down the cells in that lumber, close them and get the moisture out. 
Once they are closed, the lumber could be subjected to atmospheric con- 
ditions. If subjected to damp weather, they, naturally, will pick up the 
moisture, but it is mostly surface moisture, and after that the change 
in the lumber would not be so great as otherwise. 

Mr. KINDT: I made a statement about checking up a pattern shop in 
Cleveland. I maintain that the patternmaker is really not scientific 
enough from the standpoint of relative humidity in his own pattern shop. 
He tries to build a marvelous, accurate, fine pattern and he disregards 
the fact that the humidity might be so low that the pattern, during the 
process of building, will shrink out to a point that, when it is taken back 
into the foundry where the humidity is considerably higher, it will 
change, and no curing in the world will ever eliminate that. So my recom- 
mendation would be to humidify the shop to a point where lumber will 
equalize itself around 10 per cent moisture content and then, when taken 
back out in the foundry, the change will not be nearly so great. Yet 
there will be some change even at that. 

In the particular shop I mentioned, it was figured out that when the 
weather was zero, it would be necessary to evaporate 185 gallons of 
water every 24 hours to keep the shop properly humidified so that pat- 
terns would keep from shrinking and checking. 

R. D. Sperrs': We have been a user of great quantities of mahogany 
for the last 20 years. Our specifications call for the delivery of mahogany 


_ 


with a moisture content of between 7 and 9 per cent. Today we have 
wood patterns that have been running since 1927, still giving us high pro- 
duction. We control our lumber by putting it in dry storage, bringing 
it up to the shop and letting it acclimate itself to the atmospheric con- 
ditions for a period of three months before going into patterns. Our 
foundry is a dry shop of concrete construction with concrete floors. In 


this way we have kept our pattern lumber about where it should be. 

I agree with Mr. Kindt that a lot of our pattern lumber troubles are 
to be found in our own pattern shops and foundries, but I do believe that 
the lumber manufacturer should try to break down the moisture content 
and let us pick up the difference in the shop. 

MEMBER: We manage to keep high enough humidity in our shop to 
prevent the lumber from drying while in the shop. It goes into the found- 


1 Wright Aero Corp., Paterson, N. J. 
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ry to be cast after which it goes up to the second or third story where 
it is much drier than in the shop. What will happen to the pattern then? 

Mr. KINpDT: It will be the same in the storage vault as it would be in 
the dry pattern shop. It will shrink. Today there are several large con- 
cerns that have installed humidification systems in their storage vaults, 
and they have saved themselves thousands of dollars. Formerly they had 
a dry storage vault and two men doing nothing but repairing and chang- 
ing patterns, making the center lines check and the core fit. This has 
been eliminated to a large degree because of the humidification. Wood 
will change in any climate and all the curing in the world will not affect 
that. A piece of lumber can be dried down to 5 per cent and varnished. 
If it is put in a higher humidity, in ten days it will have acclimated it- 
self to the higher humidity. 

CHAIRMAN BRADY: Will patterns pick up moisture after they are prop- 
erly varnished or shellacked on all surfaces? 

Mr. KInptT: There is no known pattern coating today that is moisture- 
proof, contrary to the general opinion. Moisture is not the same as water. 
It is an invisible vapor that will penetrate almost everything except glass 
and metal. 

A. K. LAUKEL*: A vather new process for the treatment of lumber io 
eliminate end checking is the use of urea, which also might be used for 
printing pattern lumber. The end of the lumber is treated after it is cut 
and that stops the checks, the urea setting the sugars and materials in 
the wood. It might be the solution to the problem of expansion and con- 
traction in pattern lumber. Some of the work was done at the Forest 
Products Laboratory in Wisconsin. 

Mr. KINDT: One way of eliminating moisture would be by saturating 
the lumber with certain kinds of oils or water-resisting liquid so that 
water would not penetrate it, but that would be very imuractical. 

CHAIRMAN Brapy: Has any one had any experience with treating 
lumber to make it fireproof or as nearly so as possible? Are there any 
satisfactory standard methods of doing it? 

Mr. KINpT: There are several materials on the market today that are 
fire-resisting, but they are not fireproof. 

Mr. LAUKEL: If it is a case of water vapor absorption in a piece of 
lumber, say, about 2-in. thick, how can water vapor reach down into the 
center if it is just water hitting the surface? The checking action is due 
to osmosis. There is sugar in the cells and, due to the osmosis, there is 
a tendency to dilute the concentration in the cells. As soon as the water 
hits the surface of the board it starts osmosis and goes down through the 
center of the lumber. I cannot see how a change in humidity in the 
reom from one day to another would change it just by having a change 
in moisture content. There must be some other reactions. If those ma- 
terials can be set in the cells there will be a tendency to eliminate the ex- 
pansion and contraction in that lumber. It is possible to get the moisture 
down in a 2-in. plank by osmosis. Water in a tree will climb overnight, 


Blectro-Chemical Pattern & Mfg. Co., Detroit, Mich 
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and sap will go up in a tree in from 2 to 15 minutes. I believe the situa- 
tion is similar in the case of lumber. 

Mr. KINpDT: The fact still remains that lumber and wood patterns 
change in size with changes in atmospheric conditions. Osmosis is the 
equilibriums of pressure between two solutions when one in a semi- 
permeable cell is immersed in the other. As stated previously, in order to 
overcome a large percentage of our present-day troubles with patterns 
and lumber changing dimensions, one must closely head up relative 
humidity with moisture contents of lumber. This can be done by control- 
ling humidity in shop and storage vaults, acclimating lumber and build- 
ing wood patterns in that humidity. 








Seacoal and Fuel Oil in Molding Sand 


By Eumer C. Zrrzow*, CLEVELAND, OHIO 


Abstract 


While seacoal has been used in foundry sand for a long 
time, the use of fuel oil is relatively a new development. 
In this paper the author first discusses seacoal, giving the 
theories on its action in a mold upon the application of 
heat, points that should be taken into consideration in the 
selection of seacoal for use, the proper constituents of sea- 
coal and methods of adding seacoal to both floor heaps 
and system sands. Of considerable importance are the 
factors determining the amount of seacoal to be added and 
a method for determining the amount of seacoal in foun- 
dry sands. The author also discusses the effect of this 
material on the prope? ties of sand and the defects caused 
by the improper use of seacoal. The second section of 
his paper is devoted to the use of fuel oil in foundry sands. 
He points out that while this is a comparatively new de- 

elopment, the use of this material, along with seacoal, in 
foundry sands was known as long as 10 years ago. In 
addition to discussing the factors which led to the use of 
fuel oil in molding sand in the foundry of the company 
with which the author is associated, he explains methods 
of adding fuel oil, typical sand mixtures, their uses, and 
the effect of fuel oil on the properties of sand. Of par- 
ticular interest are the savings effected by the use of 


fuel oil in conjunction with seacoal in iron foundry sands. 


1. As far as is known seacoal originally derived its name from 
the fact that it was a coal which was shipped by sea or taken from 
mines which were located beneath the sea in Wales. At the present 
time, when we speak of seacoal, we refer to any ground coal dust. 

2. Seacoal is ground in various types of mills and pulverizers to 
varying degrees of fineness. Some foundries find it profitable to 

* Core Room Foreman, National Malleable and Steel Castings Co. 


Notre This paper was presented at a Sand Research Session of the 46th Annual 
4.F.A. Convention, Cleveland, O April 23, 1942 
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erind their own product but the majority of users prefer to pur 
chase it in the ground state. 
3. Seacoal is placed in molding sand for two reasons: 


l To prevent the sand grains from burning onto the metal 


“4 To improve the finish of the eastine. 


Theories on Seacoal Reaction 

4. Several theories have been advanced as to the action of sea 
coal in preventing the sand from burning onto the casting but per 
haps the most logical explanation, and the one that has the most 
merit, is that of a reducing agent. By the introduction of any car 
bonaceous material, the atmosphere on the inside of the mold is 
held free from oxygen. 

5. This oxidizing material must be present to form the iron 
silicates that are found on the surface of burned-in castings. This 
theory is further substantiated by the fact that the amount of sea- 
coal must be increased directly in proportion to the temperature 
at which the castings are removed from the sand. 

6. In other words, if a casting is removed from the sand, after 
it has cooled completely, the amount of seacoal required for the 
mold will be less than in a mold from which the casting is shaken 
after it has just barely solidified. The latter condition is true of 
most castings made on continuous conveyors where the time cycle 
of the conveyor is not long enough to permit the casting to cool 
to a dull red or black heat. When castings are dumped from convey 
ors in this condition, the oxygen of the atmosphere has an oppor- 
tunity to react with the sand grains and iron to form the iron 
silicates. This must be prevented by having sufficient carbonaceous 
material present so that the oxygen will react with this material 
rather than with the iron and sand. 

7. The fact that it is impossible to ram molds to such a degree 
of hardness that the openings between the sand grains would be 
microseopie in size, is the reason why seacoal must be used to im- 
prove the finish. This is accomplished not only by the coking action 
of the coal, but also by the gas content which causes a cushion to be 
formed at the surface of the casting. This gas cushion, along with 
the coke, fills all the voids between the sand grains giving the de- 
sired smooth surface. 


Effect of Heat Application 
8 <A mold ean be compared to a retort for the distillation of 
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coal to form coke. The heat is applied by the molten metal enter- 
ing the mold cavity. The first reaction that takes place in a green 
sand mold is a drying action. All the tempering moisture must be 
first driven from the mold at the casting surface. The tempera- 
ture then rises until the combined moistures of the clay and sea 
coal are driven off. Finally, the distillation of the coal commences. 

9. As the distillation of the coal proceeds, the seacoal becomes a 
fluid tarry mass filling up the voids created by the contraction of 
the clay and the expansion of the silica grains. These reactions oc- 
eur almost simultaneously and can be noted by observing the pour- 
ing of any green sand mold to which seacoal has been added. 

10. First the steam is noted issuing from the mold, then the 
blue flame eaused from the ignition of the water-gas which is 
formed just as the distillation of the coal starts, and finally the 
smoke or distillation products. If the sand is examined carefully 
after the mold has been shaken out, minute particles of coke ean 


he found 


SELECTION OF SEACOAL 


ll. Several factors must be taken into consideration in the se- 


lection of the proper seacoal : 


] Weight of the casting. 


2 Surface area of casting. 
3 (‘ross-sectional area of casting. 
| (irain fineness of sand. 


Weight of Casting 

12. The weight of the casting enters into the selection of the 
proper seacoal only because of its effect on ferrostatic pressure. 
The fixed carbon for heavy castings should be greater than for 
light castings; in other words, more coke and less volatile com- 
bustible matter (V.C.M.). The opposite is usually true of a light 


easting 


Surface and Cross-sectional Area 

13. The surface area and the cross-sectional area of the casting 
must be taken into consideration because of the possibility of mis- 
runs or cold shuts. In a light, thin-walled casting with an excessive 
amount of V.C.M. present, the gas formed will chill the iron. On 
castings with a large surface area, the binding action of coke or 
fixed carbon is necessary to prevent buekles in the sand. On the 
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other hand, the chilling action of the V.C.M. will prevent the tem 
perature of the sand from becoming excessive. 

14. In other words, the seacoal function is one of compensation 
on one hand for the contraction of the clay, and on the other hand 
the expansion of the silica grain. This does not mean that seacoal 
will be a cure-all for defects of this type. 


Sand Fineness 

15. The grain fineness of the sand will help to determine the 
amounts of seacoal and its desirable fixed carbon. The coarser- 
erained sands usually require a seacoal with a high fixed carbon 
and a low V.C.M. The opposite is usually true of finer-grained 
sands. It also is usually considered advisable to use a fine ground 
seacoal with a fine-grained sand and coarse seacoal with a coarse 
erained sand. 


ANALYSIS OF SEACOAL 


16. Seacoal should be analyzed for the following : 
(1) Volatile combustible matter. 
(2) Fixed carbon. 
(3) Total carbon. 
(4) Sulphur content. 
(5) Ash content. 
(a) Ash fusion 
(6) Fineness. 


It is necessary to analyze for V.C.M. to determine the amount 
of gas which will be produced. The fixed carbon likewise will 
determine the probable amount of coke that will be produced by 
a unit volume of coal. The total carbon is used, in some cases, in 
determining the seacoal content of the sand. This determination 
is not absolutely necessary. An excessive amount of sulphur is 
not desirable in a seacoal. 

17. The ash content should be as low as possible to lessen the 
contamination of the sand heap from that source. Ash fusion point 
should be held as high as possible because, if it is too low, the ash 
will fuse with the sand and metal. Fineness is important not only 
from the standpoint of proper distribution in the sand, but also 
for its effect upon the coking action of the coal. As explained 
previously, the desired fineness of the seacoal is usually dependent 


upon the fineness of the sand 
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Metuops oF ADDING SEACOAL 


18. Seacoal can be added to foundry sands in any one of fow 
ways: 
] Raw 
2 With rebonding mixture 
With facing sands. 
} With burned sand at mill 
19. The simplest way is to add the seacoal raw or distribute it 


evenly on the heap and cut it in with an ordinary sand eutter. 


Addition to System Sands 

20. For continuous systems, which do not have any mills in ¢on- 
junction with them, the seacoal is added directly to the sand tem 
pering belt. This method is not the most desirable because of the 
impossibility of getting a thorough mix. There is also the chance 
of seacoal mixing with the clay and forming balls of seacoal and 
clay. The danger of segregation is always greater when seacoal is 
added in this manner. However, with the proper amount of con- 
trol, it can be added in this way and very satisfactory results can 
be obtained 

21. In some cases, seacoal is added with the rebonding mixture, 
but here again there is always the danger of segregation. A re- 
bonding mixture must, of necessity, be rich in clay and, even under 
the most careful milling conditions and unless the rebonding mix- 
ture is held on the dry side, the seacoal and clay will have a 
tendency to ball-up. 

22. Wherever possible it is advantageous to run a facing sand 
rich in seacoal. In the preparation of the facing sand, mixing con- 
ditions are usually ideal. However, in continuous systems, the 
amount of facing sand used is so small that it is impossible to get 
enough seacoal into the systems by this method. 

23. Usually on continuous systems, there is a quantity of burned 
sand or core sand coming off the casting cooling conveyors. This 
sand can be returned to the mill and mixed with a high percentage 
of seacoal. This method is by far the most satisfactory but, in many 
cases, it is not practical, either because of mill capacity or because 
there is not sufficient burned sand coming from the casting con- 
veyor. 


24. The systems which have the mills directly incorporated 


provide the best means of adding seacoal. In this case, small 
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alounts of seacoal and clay are added continuously and a thorough 


mixture is assured. 


FACTORS DETERMINING AMOUNT OF SEACOAL ADDED 


25. The amount of seacoal to be added is dependent upon: 


] Amount of burned core sand. 

2) Condition of castings when dumped. 

(3) Length of time castings are in contact with sand. 
(4 Area of casting surface. 

(5) Thiekness of various cross-sections of castings 
(6) Metal pouring temperature. 


i Permeability of sand. 


Amount of Burned Core Sand 

26. Burned core sand which becomes incorporated into the sys 
tem or heap at the shake-out, increases the volume of the sand 
grains. Additional seacoal must be added to compensate for this 
material. There is, however, a slight amount of carbonaceous sub- 
stance remaining on these grains from the oxidation of core oil. 
Condition of Castings When Dumped 

27. If a mold is dumped just after solidification of the metal, 
the percentage of seacoal in the sand must be greater than in a mold 
in which the casting is cooled to a black heat. This has been ex- 
plained more fully previously. However, the distillation of the 


coal will proceed to a greater depth in the latter. 


Casting Area and Cross-section 

28. The greater the surface area of the casting the greater will 
be the amount of seacoal that will be converted to ash. Likewise, 
the greater the cross-sectional area of the casting, the greater will 
be the heat penetration of the sand. 


Pouring Temperatures 

29. Higher metal pouring temperatures necessitate greater ad- 
ditions of seacoal. Fifty degrees F. difference in pouring tempera- 
ture will produce a marked effect on the appearance of the cast- 
ings. 
Permeability 

30. Higher permeabilities in sands permit greater dissipation 
of heat through the sands with the resultant effect upon the sea 


coal. 
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DETERMINING SEACOAL IN FOUNDRY SAND 


31. Various methods are used for determining the seacoal con 
tent of foundry sands. R. E. Aptekar gives a detailed and elaborate 
method. However, for ordinary control work, a total carbon 
determination is all that is necessary. This is assuming that all op- 
erating conditions are constant, and that there will not be a big 
difference in the volatile combustible matter in the sand. 

32. Still another method used for controlling the amount of 
seacoal, is to keep a record of the pounds of seacoal used per ton 
of metal poured. Regardless of which method is used, the per- 
centage of seacoal used is determined largely by the appearance 


of the eastings’ surfaces 


EFFECT OF SEACOAL ON SAND PROPERTIES 


33. The following properties of foundry sand are affected by 


the addition of seacoal: 


(1) Green strength. 

(2) Permeability. 

(3) Contraction and expansion. 
+) Deformation and resiliency. 
5) Moisture 


Green Strength 

34. One investigator shows that an addition of 12 per cent sea- 
coal to a sand, that has not been contaminated by ash, will double 
its green strength. However, when any ash is present, this does 
not hold true to such a marked degree. The reason for this in- 
ereased green strength with the addition of seacoal is not easily 
explained. In all probability, a better distribution of the clay 
around the sand grain is obtained. The coating of clay is actually 
thinned out around the grains thereby approaching more nearly 
the maximum efficiency of the adhesive property of the clay bond. 


Permeability 

35. The slightest addition of a seacoal to a foundry sand will 
lower the permeability. The cause for this is self-explanatory. Sea- 
eoal, being a very fine material, helps to fill the voids between the 
sand grains. As the seacoal percentage in the sand is increased, 
the permeability is diminished. 
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Expansion and Contraction 

36. Seacoal decreases both the contraction and expansion of 
molding sand. Dietert and Valtier’ prove this quite conclusively. 
This was also pointed out earlier in this paper under the deserip 


tion of the action of seacoal during the pouring cyele. 





Deformation and Resilience 

37. Dietert' and Valtier also show that the deformation of a 
molding sand will be increased with the addition of seacoal up to 
6.0 per cent. If the percentage is increased to over 6.0 per cent, the 
deformation will be reduced gradually as the percentage is in- 
ereased. The resiliency is affected likewise, although it is decreased 
less rapidly after reaching the 6.0 per cent peak. The reason for 
this is that, although the deformation decreases after a 6.0 per 
cent addition, the green strength still increases. As a matter of fact, 
the resiliency curve becomes almost a straight line. 


Moisture 

38. Seacoal, being a very fine material, has a very large surface 
area. This increased surface area necessitates an increase in the 
moisture content of the molding sand to obtain a proper temper. 
Unfortunately, this increases the amount of steam produced in the 
pouring operation. This serves in a small degree to offset the effi- 
ciency of the seacoal: 


PENALTIES FOR IMPROPER USE OF SEACOAL 


39. Certain casting defects can be directly attributed to the im- 
proper use of seacoal : 


(1) Rat tails. 

(2) Cold shuts. 

(3) Misruns. 

(4) Dirt. 

(5) Drops. 
(6) Surface checks. 


40. <All these defects are caused by the addition of too much 
seacoal. Cold shuts usually oceur in thin-walled castings. If the 
molding sand is too close and too much gas is produced, castings 
will misrun. These misruns usually appear on the sharp contours 


1 Dietert, H. W., and Valtier, F., “The Expansion and Contraction of Molding Sand 
at Elevated Temperatures,’”” TRANSACTIONS, American Foundrymen's Association, vol. 43, 
pp. 107-124 (1935). 
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of the castings, especially on the cope half. Surface checks are 
similar to cold shuts, but will occur on any wall section. Dirt 
and drops are caused by the contamination of the molding sand by 
the ash and by not observing the usual precautions in tempering 
sand. Improper mixing of the seacoal will produce rat tails. This 


defeet is not common but can be noted occasionally. 


Kvuret Om PLus SEACOAL 


$1. Fuel oil can be used in conjunction with seacoal. The prae- 
tice of using fuel oil in foundry sand is comparatively new and not 
a great deal is known about its effect. W. G. Reichert mentioned 
the use of fuel oil in foundry sand in an article published about 10 
vears ago. 

12. The greatest objection to the use of fuel oil is the amount 
of smoke or fumes produced. Some foundries make a common 
practice of oiling metal patterns. Castings made from the molds, 
after a pattern has been heavily oiled, appeared to have a much 
cleaner surface 

13. After repeated observations of this condition, the oil was 
incorporated directly into the sand heap. This was tried first on 
a small sand heap. The results were most gratifying. Not only 
did the castings have a better finish, but the stickiness of the sand 
was reduced considerably. Ilowever, it was still necessary to oil 
the pattern occasionally. 

44. After this trial on the single heap, fuel oil was added to 
one of the sand systems. The same results were noted. However, 
in the sand systems, it is much easier to control the physical 
properties of the sand. To begin with, no changes were made in 
the sand properties or in the percentage of seacoal. 

5. Any ordinary fuel oil may be used for this purpose. An 
oil with a low percentage of sulphur and a Baumé gravity be- 


tween 20° and 30° has given the most satisfactory results. 


VWethods of Adding Fuel Oil 
46. Fuel oil may be added to the molding sand in the same 
manner as seacoal, namely : 
] With facing. 
2) <Attempering belt. 
(3 With rebonding mixture. 


47. A definite predetermined amount may be added with each 
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batch of facing sand. The quantity of oil added per batch is de 
pendent upon the requirements of the facing in the foundry. Addi- 
tions of oil will vary from one quart to 3 gallons per 800 lb. bate: 





of sand. The oil is added at the same time as the tempering mois- 


ture. 


Typical Mixtures 
18. The following are some typical sand mixtures whieh ean 


be used : 


Mix No. 1 
40 shovels system sand 
8 quarts oil 


Mix No. 2 | 
55 shovels system sand 
5 shovels bank sand (grain fineness No. 100) 

200 cubic inches seacoal 
5 quarts oil 


Mix No. 3 
40 shovels sand 
2 shovels sharp sand (grain fineness No. 30) 
100 cubic inches Southern bentonite 
100 cubic inches Western bentonite 
50 cubic inches cereal flour 
200 cubic inches seacoal 
1 quart oil 


Mix No. 4 

40 shovels system sand 

100 cubic inches Western bentonite 
150 cubic inches cereal flour 

600 cubic inches seacoal 

12 quarts oil 

49. Mixtures Nos. 1, 3 and 4 were used for specifie types of cast- 
ings. Mixture No. 2 is an all-purpose facing and is the most widely 
used. 

50. As far as can be ascertained, the most efficient method of 
adding the oil to the systems is to make a constant addition at 
the pug mill immediately after the final addition of moisture. The 
oil is added continuously from a reservoir directly over the mill. 
The amount to be added will vary from 3 qt. to 5 gal. per hour, 
dependent upon the tonnage of iron poured. 

51. Fuel oil can be added to the rebonding mixtures in the same 
manner in which it is added to the facing sand mixtures. The mois- 
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ture contents of the rebonding mixtures can be reduced con- 
siderably if some fuel oil is used. This helps to eliminate the forma- 
tion of segregations of clay and seacoal. 

52. <All three methods of adding the fuel oil to the foundry sand 
vive equally satisfactory results. The usual amount of care must 
be observed in mixing to obtain a uniform mixture. 


Errect or Furet Om ON SAND PROPERTIES 


53. Certain definite improvements in the properties of molding 
sand are obtained by the use of fuel oil: 


] Increases the amount of V.C.M. 
(2) Aids in obtaining proper temper. 

3) Prevents sand from sticking to the pattern. 
j Reduces rate at which sand will dry out. 
0) Reduces amount of seacoal. 


4. Fuel oil is very nearly 100 per cent volatile matter. By the 
addition of fuel oil to the foundry sand, the V.C.M. is inereased 
lirectly in proportion to the amount added. A small amount of 
petroleum eoke is produced during the pouring cycle. This in- 
creased amount of V.C.M., plus the petroleum coke, aids in equaliz- 
ing the expansion and contraction of the foundry molding sand 





at elevated temperatures. This aids in the elimination of buekles 
in the mold. It is particularly effective on castings having large 


surface areas, such as stove plate. 
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29. Through the addition of fuel oil to the system sand, it has 
been possible to reduce the moisture content about 0.5 per cent 
This has proved particularly advantageous because, by doing so, 
we can more nearly approach the optimum moisture content. This 
has not only effected a saving in the amount of clay bond used, but 
has also helped increase the permeability of the foundry sand. 


56. There seems to be less of a tendency of the oiled sand to 
dry out in the sand hoppers. This is probably due to the emulsify 
ing of the oil and water in the mixing operations. Battelle Memoria! 
Institute, Columbus, Ohio, is conducting tests at the present time 


on this condition. The figures are not yet available 


SAVINGS EFFECTED 


57. Since the practice of adding fuel oil to the foundry sand 
was started, the amount of seacoal added has been reduced about 
30 per cent. This is quite a substantial saving in seacoal. 

58. Figure 1 shows the pounds of seacoal used per ton of iron 
per day’s operation. This shows during this particular month’s 
operation, a maximum of 25 lb. of and a minimum of 19 Ib. of 
seacoal per ton of iron. 

59. Figure 2 shows the pints of fuel oil used per ton of iron 
during the same period. The maximum amount of oil used was 3.5 
pints, the minimum 2.7 pints. From these graphs, it will be noted 
that both the pounds of seacoal and the pints of fuel oil used per 


ton of iron were quite constant. 
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60. Figure 3 shows the pounds of seacoal used per pint of fuel 
oil. A maximum of 9.6 lb. and a minimum of 6.7 lb. of seacoal were 
used per pint of fuel oil during this period. The average for the 
month was 7.5 lb. of seacoal per pint of fuel oil. Since a pint of 
oil weighs about one pound, the ratio by weight was 7.5 lb. of sea- 


coal to one pound of fuel oil 


CONCLUSION 


61. It has not been the intent of the writer to show any new and 


startling developments in the use of seacoal and fuel oil. The aim 


of the writer has been merely to give a general review of the 
properties and uses of seacoal and fuel oil in a fairly simple manner 
in order that the functions of these two ingredients in foundry 
molding sand might be more clearly understood by the ordinary 


foundryman 


DISCUSSION 


Presiding: Dr. H. Ries, Technical Director, A.F.A. Foundry Sand 
Research Committee, Ithaca, N. Y. 

Co-Chairman: H. A. DEANE, Brake Shoe & Castings Div., American 
Brake Shoe & Foundry Co., New York, N. Y. 

A. J. HEYSEL! (written discussion): The author states that this de- 
velopment or experiment is comparatively new but that in some instances 
it was known as long as ten years ago. In this respect the writer wishes 
to point out that back in 1921 while the writer was connected with the 
Standard Plant of the American Radiator Co. in this city as an appren- 
tice molder, we put forth the theory that the same action or result ob- 


I I. Woodison Co., Buffalo, N. Y 
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tained from the use of seacoal should also be obtained for the same rea- 
son from a crude mineral oil. To prove this theory, an associate and the 
writer proceeded to spray the mold faces of the copes and drags used 
in the manufacture of wall type radiators with excellent results. In most 
cases, the finish on the surfaces of these radiators was even smoother 
than some of those produced with the use of seacoal, and, in addition, we 
noticed that the spraying of this crude oil had a tendency to prevent too 
rapid evaporation of moisture from the molding sand and thereby helped 
retain the green strength. 

The only equipment used for this was an ordinary air hose hooked to 
a sprayer of about one or 2 qt. capacity, and the faces of the molds were 
covered sparingly with this fine spray of oil. Cores were then placed in 
the mold, and the mold was closed and poured soon after the closing. 

The writer merely brings this to your attention to show that as far 
back as 21 years ago this experiment was tried but further development 
of this method was postponed due to the rush of business. 

L. B. OsBorRN*: Regarding the effect of seacoal, I do not know to just 
what extent Mr. Zirzow was considering the moisture of the sand on 
which the hot strengths were taken, but in some laboratory work that 
we did, it was our conclusion that, in general, the hot strengths were 
lowered, provided the sand with seacoal was tempered to the same mois- 
ture as when tested without seacoal. If the sands were held at the same 
moisture, our general observations were that the hot strengths would be 
less, especially in the higher temperature ranges. 

Mr. Zirzow: I am not disputing that fact, but I will say that these 
tests were run on sand prepared for use in the foundry, with the seacoal 
in it, and, therefore, we were using a higher moisture content. 





Fic. 4—-RELATION BETWEEN SEACOAL CONTENT AND PIPING TENDENCY. Top SECTIONS oF 
1.2 x 8-tn. Cast Iron Bars Powurep tn Open MOLDs 


2 Hougland & Hardy, Inc., Evansville, Ind. 
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Heavy Secrion CASTING FOR SHRINKAGE TESTS 


Mr. OssorN: I think the practical use in the foundry would bear out 
your statement, as the practical moisture content would nearly always 
be higher than the laboratory ideal moisture. 

Mr. Zirzow: There has to be more moisture in the sand to compensate 
for the fine seacoal being added, which perhaps offsets some of the 
beneficial effects accomplished by the seacoal. Because more mois- 
ture must be added, there is more steam, and we all know water is per- 
haps the most dangerous thing we have in our sand for green sand mold- 
ing. 

C. P. ALBus*: We have found that at a constant moisture content of 
4 per cent, the addition of 5 per cent seacoal to a lake sand of a fineness 
of 55, bonded with 2.5 per cent western bentonite and 2.5 per cent south- 
ern bentonite, increased the hot strength at temperatures of 500° to 
2000°F. At 2000°F., hot strength had fallen to a value less than that 
of sand and clay alone. 

Mr. Zirzow: What was the moisture content? 

Mr. ALBus: Four per cent. 

Mr. Zirzow: That is enough to temper molding sand. In other words, 
you had a molding sand, with optimum moisture content for strength. 

Mr. ALBus: We tried to use an average moisture content that is being 
employed by foundries for tempering molding sands. 

H. WoMOcHEL': I would like to include in this discussion some illus- 
trations made in connection with work we are doing on molding sands at 
Michigan State. 

Figure 4 shows three castings, all poured from the same ladle. The 


Hercules Powder Co., Wilmington, Del. 
1 Engineering Experiment Station, Michigan State College, East Lansing, Michigan. 
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casting on the left was made in a mold containing no seacoal. The mold 
for the casting in the center contained 7 per cent seacoal, and the one 
on the right contained 13 per cent. One can see the effect the addition 
of seacoal had on apparent shrinkage. When the seacoal was added, 
the piping in the riser disappeared almost completely. 

We conducted some experiments of a similar nature on castings of 
heavy section. The section size is shown in Fig. 5. This casting was in 
the form of a ball flattened at the top and bottom, with a riser as in 
dicated. 

Figure 6 shows castings from three different kinds of molds, all of 
which were poured from the same ladle. The casting on the left was 
made in green sand containing no seacoal. The casting in the center 
was made in green sand containing 7 per cent seacoal, the same green 
sand as the other castings, modified slightly to take care of the effect 
of the addition of seacoal on permeability. The third was poured in a 
dry sand core. The seacoal was effective in reducing the amount of 
piping in the riser. 

These effects of seacoal are reproducible. We have conducted a large 
number of these experiments, and we always get the same results, some- 
times to a smaller degree than indicated here, but always in the same 
direction. These experiments have been checked in other foundries. For 
example, a jobbing foundry was having trouble with a small casting 
poured in molds from a heap of sand containing no seacoal. The diffi- 
culty was shrinkage and sinking of the cope face of the casting. The jeb 
was transferred to a heap containing seacoal in the usual amounts and 
the difficulties with shrinkage disappeared. 

J. A. DUMA®: Where did the shrinkage go? 

Mr. WOMOCHEL: We cannot be certain. We are more interested in 





Fico. 6—Core SAND ComMPAKED With Green SAND, Witt AND WITHOUT SEACOAI 


* Norfolk Navy Yard, Portsmouth, Va 
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establishing the fact that the mold does have an effect on shrinkage. The 
size and distribution of shrinkage defects was influenced by almost any- 
thing we did to the mold in our experiments. The hardness with which 
we rammed the mold, the moisture content, and the clay content all 
changed the size and distribution of shrinkage defects. Why that is, 
we are not prepared to say. We have some ideas but no proof. We think, 
however, that some so-called shrinkage defects are caused by changes 
in the dimensions of the mold cavity subsequent to pouring the castings. 
We think various mold materials either expand or give under the action 
of the temperature and ferrostatic pressure in the molds. 
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Abstract 


{ series of cast irons ranging in phosphorus conten! 
from 0.05 to 1.0 per cent was subjected to growth tests in 
air and in lead above and below the eutectoid transforma- 
tion temperature. Chromium and chromium-molybdenum 
irons were included for comparison purposes. The tests 
were designed to reveal the cause as well as the magnitude 
of the growth effects. After each of ten different treat- 
ments, the irons were examined microscopically, and were 
analyzed for graphitic and total carbon in order to ascer- 
tain the extent of granhitization and the loss of carbon 
due to oxidation. The growth was determined by specific 
volume measurements which eliminated such disturbing 
factors as scale formation, warpage and dissimilar ex- 
pansions in different directions. 

The results of this investigation indicate that growth is 
mainly due to graphitization and attendant cracking, 
eutectoid transformation cracking, and oxidation effects. 
The relative magnitude of these effects has been roughly 
determined. Phosphorus improves the growth resistance 
of cast iron by inhibiting each of these three causes of 


growth. 


Cast iron generally undergoes a permanent increase in vol 
ume as a result of heating to elevated temperatures. This phenom- 
enon of growth is of considerable industrial importance because the 
service life of gray iron castings, such as ingot molds, annealing 
and grate-bars, may be seriously limited by the excessive 
changes in dimensions and by the deterioration of mechanica! prop 
which accompany growth. Consequently, it is not surprising 
to find that many investigations have been directed at the practical 


+ This paper is based on a thesis submitted by M. N. Dastur in partial fulfillment of 
the requirements for the degree of Master of Science in Metallurgy at the Massachusetts 
Institute of Technology, Cambridge, Massachusetts, October, 1941. 

* Department of Metallurgy, Massachusetts Institute of Technology. 
This paper was presented at a Gray Iron Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 24, 1942. 
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problem of inhibiting the growth of cast iron and also at the scien 
tifie problem of ascertaining the basic reasons for growth. It is 
now known, for example, that nickel, chromium and silicon, if 
present in sufficient amounts, are particularly effective in retard 
ing the growth of cast iron, and several growth-resisting irons con 
taining these elements have been developed. 

2. This paper describes the results of some experiments on the 
effect of phosphorus on the growth of cast iron. Despite the fact 
that phosphorus is one of the common elements in east iron, the 
literature does not clearly show whether phosphorus is beneficia! 
or detrimental in retarding growth. Andrew and Higgins’ claim 
that phosphorus increases growth materially, while the observations 
of Carpenter? and of Kennedy and Oswald® indicate that phos 
phorus is a potent growth inhibitor. The latter point of view is 
more or less supported by the work of Sohnchen and Piwowarsky' 
who found that phosphorus decreases the growth of cast iron on 
heating in air, but has no marked effect when the heating is carried 
out in vacuo. Most other investigators have paid little attention to 
the influence of phosphorus on growth. Accordingly, in the present 
research, it was considered advisable to undertake a series of sys- 
tematic growth tests on cast irons containing variable phosphorus 
contents so that the effect of phosphorus could be studied in de 
tail. All of the growth experiments were designed to reveal the 


cause as well as the magnitude of the growth effects. 


EXPERIMENTAL DETAILS 


3. Six cast irons were prepared in a 150-lb. high frequeney fur- 
nace. The base metal of all the heats was cupola iron of the follow- 
ing composition: total carbon, 4.17 per cent; graphitic carbon, 
3.41 per cent; silicon, 2.08 per cent; manganese, 1.07 per cent; sul- 
phur, 0.03 per cent; phosphorus, 0.112 per cent. The other ingre- 
dients were wash metal (carbon, 3.35 per cent; silicon, 1.10 per 
cent), 25 per cent ferrophosphorus, 71 per cent ferrochromium, 60 
per cent ferromolybdenum and 75 per cent ferrosilicon. Castings, 
9-in. long by 114-in. in diameter, were poured into sand molds. In 
order to avoid possible surface effects, the castings were machined 
down to 3-in. in diameter. Specimens, 1-in. long, were cut from 
these bars for the growth tests. Table 1 gives the chemical analyses 
of the six irons investigated. Irons A, B, C and D represent a 
series with phosphorus contents ranging progressively from about 


! Superior numbers refer to biblography at end of paper 














M. N. DASTUR AND Morris COHEN 897 


0.05 to 1.0 per cent, while irons E and F containing chromium and 
chromium-molybdenum with constant phosphorus were ineluded 
for comparison purposes. 


Table 1 

CnemMicAL ANALYSES OF THE Cast IRONS 
Iron T.C¢ G.C Si P Mn S Cr Mo 
A 3.40 2.7 2.03 0.067 0.45 0.026 
B 3.49 3.04 2.11 0.13 0.67 0.023 
C 3.236 2.69 2.01 0.53 0.49 0.026 
dD 3.21 2.70 1.98 0.94 0.53 0.023 * 
E 3.35 2.68 2.01 0.20 ad s 0.48 
I 3.29 2.51 2.02 0.19 . : 0.48 0.48 


4. The growth runs were carried out in an oxidizing atmosphere 
air) and in an inert atmosphere (well-deoxidized lead bath) at a 
suberitical temperature of 1250°F. and at a super-critical tempera- 
ture of 1500°F. Duplicate specimens of the six irons were sub- 
jected to the following treatments: 

Treatment IA—Continuous heating for 24 hours at 1250°F. in 
air: slow cooling to room temperature. 

Treatment I1.—Same as IA, but in lead bath. 

Treatment Il \—Heating for 4 hours at 1250°F. in air; slow 
cooling to room temperature. Cycle repeated five more times 
to give accumulated time of 24 hour's at 1250°F. 

Treatment ITl.—Same as ITA, but in lead bath. 

Treatment ITLA——Continuous heating for 24 hours at 1500°F. 
in air; slow cooling to room temperature. 

Treatment IITI.—Same as ITIA, but in lead bath. 

Treatment IV A—Heating for 4 hours at 1500°F. in air: slow 
eooling to room temperature. Cycle repeated five more 
times to give accumulated time of 24 hours at 1500°F. 

Treatment IVL—Same as IVA, but in lead bath. 

Treatment VA—Heating for 4 hours at 1500°F. in air; slow 
cooling to 1250°F. for 2 hours. Cyele repeated five more 
times to give accumulated time of 24 hours at 1500°F. Slow 
cooling to room temperature after last cycle. 

Treatment VL—Same as VA, but in lead bath. 

5. After each of the above treatments, the six cast irons were 
analyzed for graphitic carbon and total carbon in order to deter- 
mine the extent of graphitization and loss of carbon. The micro- 
structures also were examined. The extent of growth was measured 





* Not Estimated. 
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by the inerease in the specific volume of the specimens. It has 
been common practice to ascertain the growth of cast iron by means 
of a dilatometer or by observing the length and diameter of a test 
har before and after treatment. Calculations of volume changes 
based on such measurements are open to question because of scale- 
formation, warpage, and dissimilar expansions in different direc- 
tions. These difficulties are naturally avoided by using the specific 
volume method, since the seale is first removed and the volume of 
the remaining specimen per unit weight is determined by the 
Archimedes’ Principle without regard to the external shape and 
dimensions of the specimen. 

6. It is important to note, however, that cast iron becomes 
somewhat porous as a result of growth, and this growth is properly 
evaluated not by the changes in the true specifie volume, but by 
the changes in the apparent specifie volume which includes the 
internal pores and cracks. In measuring specific volumes by the 
usual method of weighing in air and in water, water is partially ab- 
sorbed by porous specimens, and the calculated specific volume lies 
somewhere between the true and apparent values. Kikuta’ at- 
tempted to correct for the absorbed water by weighing the speci- 
mens in air, then in water, and finally in air with the absorbed 
water. While this procedure theoretically permits the calculation 
of the apparent specifie volume, the last weighing is subject to con- 
siderable error because the superficial water must be removed, and 
this cannot be done without the loss of some of the absorbed water 

7. In the present investigation, it was decided to prevent the 
absorption of water during the water-weighings so that accurate 
determinations of the apparent specific volumes could be obtained. 
This was accomplished with the aid of glyptol paint which provided 
a tightly adherent waterproof coating. The oxide scale formed on 
the specimens during heating in air was completely removed by 
sand blasting before any weighings were made. In fact, for the 
sake of uniformity, all the specimens were sand blasted whether 
scale was present or not. Four weighings were necessary to evaluate 
the apparent specific volume of each specimen and to correct for 
the volume of the glyptol paint: (1) the weight of the specimen in 
air, (2) the weight of the specimen plus the glyptol coating in air, 
3) the weight of the specimen plus the coating plus the suspen- 
sion* in distilled water, and (4) the weight of the suspension alone 


* When weighed in water, the specimens were held in a copper wire cage suspended 
from a fine platinum wire 
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in water. The precision of the weighings in water was materiall) 
enhanced by the addition of a trace of wetting reagent (sorbitol 
laurate) to the distilled water, which reduced the surface tension 
on the platinum wire. Weighings were easily reproducible to + 0.5 
milligrams. The apparent specific volume was then calculated as 
follows: 


Volume of specimen 














Apparent specific volume > | 
Weight of specimen 
Volume of coated specimen — volume of coating , 
Weight of specimen . 
T R-P) --T—S 
1) 1) 3) 
S 
where T = weight of specimen plus coating in air, 
R - weight of specimen plus coating plus suspension 
in water, 
P -—= weight of suspension in water, 
S - weight of specimen alone in air, 
D, = density of water at temperature of measurement. 
D, = density of glyptol (taken as 1.010)**. 
8 
q IRON A - 0067% P 
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Fic. 1—Rersu_ts oF GrowtH TESTS IN AIR. 


** The density of the glyptol was determined as follows: The specific volume of a non- 
porous specimen was first measured by weighing in air (S) and in water without the 
aid of a coating. Following this, the specimen was coated with glyptol, and the weigh- 
ings T, R, and P were made. D, was then calculated from equation (3). 
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8. The specific volume measurements were carried out before 
and after the various heating cycles, and the growth values have 
been expressed as per cent increase in volume. 


EXPERIMENTAL RESULTS 


9 The results of the growth tests carried out in the oxidizing 
atmosphere are illustrated graphically in Fig. 1. The curves show 


that 1” aw 


] The growth after all the treatments becomes less as the 
phosphorus content is increased. However, one-half per 
cent chromium is more effective than one per cent phos- 
phorus in retarding growth. The addition of one-half 
per cent molybdenum to the chromium iron does not fur- 
ther improve the growth resistance. 

2) Growth at 1250°F. is practically the same whether the 
heating is continuous or repeated. 

3) Compared to the growth which occurs at 1250°F., there 
is an appreciable increase in growth as a result of con 
tinuous heating at 1500°F. 

4 There is a further increase in growth due to repeated 
heating at 1500°F. 

5) Cyelie heating between 1500° and 1250°F. produces onl: 
slightly more growth than repeated heating at 1500°F. 

10. The results of the growth tests carried out in the lead bath 
are shown in Fig. 2. It is evident that in an inert atmosphere : 

(1 Phosphorus retards growth after all the treatments, but 
is not as effective as chromium. The addition of one- 
half per cent molybdenum to the chromium iron has no 
effect on the growth resistance. 

2) Growth is practically the same for continuous and re- 
peated heating at 1250°F. and for continuous heating at 
1500°F. 

3) Compared to these three treatments, repeated heating at 
1500°F. causes a marked increase in growth. 


(4) Cyelie heating between 1500° and 1250°F. produces prac- 
tically no more growth than does repeated heating at 
1500°F. 
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5) Growth at 1250°F. in air is only slightly greater than in 
lead, but growth at 1500°F. in air is very much greater 
than in lead. 


11. The inerease in growth resistance due to phosphorus is 
demonstrated more clearly in Figs. 3 and 4. The growth of iron D 
(0.94 per cent phosphorus) after each treatment is roughly one. 
half the growth experienced by iron A (0.067 per cent phosphorus). 


12. Tables 2 and 3 give the total, graphitic and combined car- 
bon contents of the six irons before and after the various treatments 
in air and in lead. The decrease in the combined carbon may be 
taken as a measure of the extent of graphitization. According to 
Table 2, a small amount of graphitization and loss of total carbon 
occurs in the phosphorus iron series on heating in air at 1250°F. 
There is no corresponding effect in the two alloy irons. The 1500°F. 
treatments in air result in considerable graphitization and carbon 
loss in all of the irons with the extent of these carbon changes tend- 
ing to become less, the higher the phosphorus content. Among the 
1500°F. treatments, it is quite evident that repeated and eyeclic 
heating cause much higher carbon loss than continuous heating. 
The two alloy irons exhibit the least graphitization and loss of ear- 
bon. 


13. The chemical analyses in Table 3 demonstrate that no car- 








EFFECT OF PHOSPHORUS ON GRAY IRON 


6t°0 
30 
20 
20°0 


Uae) JIp 


WOddUG SNOUT 


JUAULIDIA, 


snonutzuUoy 


L 


Vill 


4972S) 


j1BO 


pet qULo. 


“Ourizpay 
pajppad PS | 


‘uogiBd OTRIYdBAZ puB 


re” 
ts" 
'o° 
LG 
83 


23°G SI's 


—O'9 ‘OL 


Océ! 
ulzDayY 
nonuizuUog : VI] 


IY NI LNAWLVAN], LVAP] 


10 ,SLNELNOD NOUV 


a AGF L 


GQaNIdWwo,yy GNV NOV’) OLLIA« 





uogqievo B10) «20 WZAIBUB B@IOM BUCA 2 
1 1330 J I } * 


(OW 3ue0 sed gP’o) 
(19 ued aad gp’g) J 
(49 2uUe0 aed gPp'9) 
(d 3u90 tad 76°0) 
(dq ue0 sed gq°9) 
(dq 3uUe0 sed gI'09) 
(dq 3ue0 zed 190°0) 


JUIULIDAL J UuosT 


NOduvy) IVLO], 











08 


t 


DASTUR AND MORRIS COHEN 


N 


\ 


re 






90°¢ 63°¢ 

L0°¢ 228 

0 9F's 

02°¢ vrs 

9°D ‘O'L 

OSéi——"4 0091 
‘Ouizpay 


2949 2TA 


waLAyY aNV 








‘Ouijpay 
pazwaday :"TAl 


{THOMA SNOUT 





iL 40 


1H S}PUa}UOD 


GO G 


8°% 
86°3 
00°¢ 
82°8 
30's 
o°9 
4,008gT 
‘Ourzvay 





SNONU1ZUO,) : TI1I 
4auly 


QUPULIDILT 


.SLNALNOY 





ava'] 


£0Q4%0 peurquio ay 7 
S< $ 
1 a 3 $9°0 BLS 
82°E 61°0 96°% 
6e°e Le"0 86% 
6h sto 92'S 
ors 92°0 gle at 
ve Be / o2°Oo ‘9°D e] 
“Ff .0SE8I 


‘Ouijpay 


paypaday : TI] 


€ ML 





GaNIdWwo;) 


uUogsBo 


" Wydeus 


19°0 A 





“furppay 
snonuizuoy: 


NI LNANLVAN], LVAP{ 
NOPUV,) 


any 





Bee 
Lv’é 
ree 


9e°¢ 


ore 


‘OL 


Il 


NOUV.) 


10j 











2UPULIDIA T 


»40fagT 


pezilBeue 


66 





ILIMd Vat) 


ALIN suudt mu . 
(OW 3400 rad gP'p) 


(19 3U890 sed gyn) 


(49 3uUe0 aed gp'o) 
(d 3400 10d $6°0) 
{dq 2ue0o sed gq°9) 
(dq 3ue0 zed gI'9) 

(dq yue0 zed 190°0) 


uodt 


‘NOHUVO IWLOL 





904 


GROWTH - 


bon was lo 
veneral, tl 
same in le 
undergo m 


PER CENT 


no 





EFFECT OF PHOSPHORUS ON GRAY IRON 





~ 


a 


be 


























OL_ i j | 
00 0.2 04 06 08 10 
PHOSPHORUS —- PER CENT 
Fic. 3--EFFect OF PHOSPHORUS ON GROWTH IN AIR 


st from any of the irons after the treatments in lead. In 
1e graphitization which oceurs at 1250°F. is about the 
ad as in air. On the other hand, at 1500°F., the irons 
ore graphitization in air than in lead. 
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hic. 5—(Tor) Microstructure or Iron A (0.067% FP) as Cast. Nitat Etcu. X350. 


Fic 
6— (Bottom) Microstructure oF Iron D (0.940, P) 


as Cast. Nitat Etcn. X350. 

14. Typical microstruetures of irons A and D before and after 
various treatments are shown in Figs. 5 to 12. In the cast state, all 
of the irons displayed a uniform dispersion of graphite flakes im 
a pearlitic matrix, and the steadite constituent increased progres 
sively with the phosphorus content (ef. Figs. 5 and 6). The changes 
in strueture after heating at 1250°F. in lead are illustrated by 
Figs. 7 and 8 in which the combined carbon associated with the 
original pearlitic matrix has been largely graphitized. No signifi- 
cant change was noted in the steadite structure. 

15. Heating at 1500°F. in lead produced similar structures with 
the visible extent of graphitization more or less in proportion to the 
change indicated by the chemical analyses. On heating at 1500°F. 
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in air, however, a marked difference in the microstructure was ob 
served. The metal around the graphite flakes exhibited signs of 
oxidation, and much of the graphite was burned out (Figs. 9 to 
1] Both of these oxidation phenomena decreased in magnitude 
with inereasing phosphorus content, as is evident from a compari 
son of Figs. 9 and 10. The penetration of the oxygen took place 
principally along the channels formed by the graphite pockets and 
interconnecting cracks, but there was also some diffusion of the 
oxygen through the matrix to reach regions in between the chan- 
nels, as shown in Fig, 11. 


16. The low magnification pictures in Fig. 12 illustrate the 
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hic. 7—( Tor) Microstructure or Iron A (0.067% P) arrer CoNTINUOUS HEATING af 
1250°F. in Leap (TREATMENT I L). NiraL Etcn. X350. Fie. 8—( Bottom) MIcrosTruc- 
rURE oF Iron D (0.94% P) arrer ConTINUOUS HEATING aT 1250°F. In Leap (TRRATMEN’ 


I 1.) NITAL ETCH X350 
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Fic. 9—(Tor) Microstructure or Iron A (0.067% FP) arrer ConTINUOUS HEATING AT 

1500°F. in Atk (TREATMENT III A). Nitrat Etcn. X350. Fic. 10—( Bottom) Microstruc- 

URE OF IRON D (0.94% P) arprer CoNTINUOUS HEATING AT 1500°F. IN AIR (TREATMENT 
Ill A). Nrrat Etcn. X350. 


at 


depth of oxidation in irons A and D after continuous heating 
1250°F., continuous heating at 1500°F., and repeated heating at 
1500°F. Oxidation at 1250°F. was negligible compared to that 
observed at 1500°F. The inward penetration of the oxidation ef 
feets deereased with increasing phosphorus content, and for any 
given iron, was greater after repeated and evclic heating than after 


continuous heating. 
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Discussion OF RESULTS 

Growth Below the Critical Te mperature 

17. Sinee the growth which occurs in all the irons on heating at 
1250°F. for 24 hours is little affected by the type of atmosphere 
and the number of heating cycles, it is evident that internal oxida- 
tion, gaseous penetration and cracking due to thermal stresses” 
play minor roles in the growth of cast iron during such heating 
Furthermore, possible permament volume changes resulting from 
the eutectoid transformation are ruled out as a factor in this growth 
because the heating is confined to sub-critical temperatures. On the 
other hand, both the chemical analyses and the microstructures in- 
dicate that appreciable decomposition of the combined carbon takes 
place in the phosphorus irons during heating at 1250°F., and this 
eraphitization appears to be the primary cause of sub-critical 
erowth. However, the measured growth values are actually greater 
than those ealeulated from the observed amounts of graphitization. 
Based on the relative volumes’ of iron carbide, ferrite and graphite. 
the graphitization of 1 per cent of carbon should produce a 2 per 
ent inerease in volume; yet, as shown in Table 4, the measured 





Fic. 11—Microstructure or Iron A (0.067% P) arrer Repeatep HEATING AT 1500°F. IN 
Air (TREATMENT IVA) NITaAL Etcn. 350X. 


* Therma! stresses may arise from uneven heating and cooling and from the different 
expansio efficients of the various microconstituents 
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vrowth per unit of carbon graphitized is considerably greater in 
each of the four phosphorus irons than the theoretical 2 per cent* 
These relatively large growth values obtained under conditions 
where graphitization is the only likely factor at play suggest that 
internal cracking accompanies the graphitization process. Such 
cracks were actually found, as shown in Fig. 13. Careful polish 
ing was necessary to reveal these cracks because they tended to be 
come filled with polishing debris and flowed metal. Yet, the use 
of an etching reagent for cleaning out these cracks had to be avoid- 
ed because they might then be mistaken for the ferrite grain bound 
aries brought out by the etching. In view of these cracks, it ap 
pears likely that the rupture-strength of the cast iron matrix is 
exceeded by the formation of the voluminous graphite, and the 
resulting cracks cause greater growth than is attributable to the 
eraphitization as such. 

18. According to Table 4, phosphorus inhibits the growth (col 
umn 3) of east iron below the critical range in two ways: (1) phos 
phorus reduces the degree of graphitization (column 4), and (2 
phosphorus decreases the extent of growth per unit of carbon 
graphitized (column 5). The first factor signifies that phosphor 
us helps keep the carbon in the non-graphitie form, while the sec 
ond factor indicates that phosphorus strengthens the matrix of the 
iron so as to resist the internal cracking which attends graphitiza 
tion. In faet, both Bain’ and Bullens* report that phosphorus is 
one of the most potent ferrite strengtheners of all the common al- 
loy elements. Furthermore, Tapsell’ has shown that ordinary cast 
iron with 0.72 per cent phosphorus is superior to many alloy irons 
in both strength and ductility at elevated temperatures. 


Table 4 


RELATIONSHIP BETWEEN GROWTH AND GRAPHITIZATION ON HEATING 
IN LEAD AT 1250°F. ror 24 Hours 


(Data AVERAGED FoR CONTINUOUS AND REPEATED HEATING 


Per Cent Growth per 


Per Cent Per Cent PerCent Carbon Per Cent Carbon 
Tron Phosphorus Growth Graphitized Graphitized 
A 0.067 1.97 0.32 6.2 
B 0.13 1.61 0.27 6.0 
C 0.53 1.26 0.26 4.9 
D 0.94 1.00 0.22 4.6 


ns FE and F because 


* This comparison cannot be made in the case of the two allov iro 
they underwent virtually no growth or graphitization at 1250°F. in lead 
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a | 
Fic. 1 (Top) Microstructure or Iron A (0.067% P) arrer CoNTINUOUS HEATING A1 
1250°F. 1s Leap (Treatment | L) SHowine Fine CrRAcKs IN Matrix. UNetcnep. X500 
Fic. 14—(Bortom) Microstructure or Iron A (0.0679 P) Arter REPEATED HEATING A1 
1500°F. in Leap (TREATMENT IV I.) SHOWING Ftwe CRACKS IN MATRIx. UNetTCHED. X500. 


Growth Above the Critical Temperature 


19. The growth process in cast iron becomes more complicated 
when the heating temperature is raised from 1250° to 1500°F. 
Whether the heating at 1500°F. is conducted in lead or in air. 
consideration must be given to the possible cracking of the matrix 
due to the volume inversion which accompanies the eutectoid trans 
formation. Also, on heating in air at 1500°F., appreciable oxida- 
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tion occurs, and the growth is deeidedly affected thereby. Hlow 
ever, oxidation is eliminated as a factor in the lead bath treatinents, 
and the analysis of the growth becomes somewhat simplified. 

20. Repeated heating in lead at 1500°F. produces much more 
erowth than continuous heating for the equivalent length of time 
Yet, there is only little difference in the extent of graphitization 
Evidently, then, repeated heating and cooling through the eritica 
temperature causes internal cracking, such as does not oceur dur 
ing repeated heating and cooling below the critical temperature 
It seems that the cast iron is sufficiently strong to withstand the 
differential expansions and contractions at play during normal! 
heating and cooling, but not the stresses set up by the volume 
changes attending the eutectoid transformation. The resulting 
eracks were observed microscopically, and are shown in Fig. 14. 
They are generally more numerous than the eracks which attend 
vraphitization, but require similar care in polishing in order to re- 
veal them without etching. Benedicks and Léfquist’’ have discussed 
this type of cracking in considerable detail, and Kikuta’® has dem- 
onstrated conclusively by means of dilatometrie runs in vacuo that 
cast iron undergoes a permanent increase in length on repeated 
heating and cooling through the critical range. The contraction 
usually accompanying the alpha-gamma transformation on heating 
is actually lessened by the formation of cracks, while the expansion 
normally accompanying the gamma-alpha transformation on cool 
ing is enhaneed by the formation of additional cracks. This results 
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Fic. 16—APPROXIMATB CONTRIFUTIONS OF GRAPHITIZATION, EUTECTOID TRANSFORMATION 
CRACKING, AND OXIDATION TO THE GROWTH OBSERVED ON HEATING IN AIR. 


in a net permanent increase in volume, and explains why repeated 
heating at 1500°F. and eyclie heating between 1500° and 1250°F. 
cause more growth than continuous heating at 1500°F. 


21. The relative effects of eutectoid transformation cracking 
and of graphitization (with its attendant cracking) on the growth 
of the phosphorus irons during the five lead bath treatments are 
shown graphically in Fig. 15. As mentioned in the previous sec- 
tion, the growth at 1250°F. (treatments IL and IIL) is due essen- 
tially to graphitization and the attendant cracking. The growth 
due to this same cause in the 1500°F. treatments is computed from 
the growth per unit of carbon graphitized as given in Table 4 and 
the observed extent of graphitization reported in Table 3. The 
crowth attributable to the eutectoid transformation cracking is 
taken as the difference between the measured overall growth and 
the caleulated growth originating in the graphitization. Admit- 
tedly, this procedure is by no means rigorous, but at least it dem- 
onstrates the order of magnitude of the components contributing 
to the observed growth in the lead bath treatments. 


22. Aceording to Fig. 15, phosphorus retards the growth of cast 


iron on heating in lead above the critical temperature by decreasing 
the transformation cracking factor as well as the graphitization 
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factor. Here, just as below the critical temperature, it appears that 
phosphorus strengthens the matrix and increases the resistance to 
internal rupture when the eutectoid transformation and graphitiza 
tion occur. This is in line with the findings of Bolton" whose 
load-elongation curves indicate that phosphorus improves the 
strength as well as the stiffness of cast iron at 1560°F. 

23. On heating at 1500°F. in air, the growth values of all the 
irons are further inereased by the occurrence of oxidation. The 
chemical analyses in Table 2 reveal a large loss of total carbon due 
to such oxidation. As illustrated in Fig. 12, the oxidation is not 
confined to the surface of the specimens, but extends well into the 
interior. Internal oxidation may contribute to the growth of east 
iron in at least two ways: (1) the formation of voluminous oxide 
products, and (2) the internal bursting of the matrix around en- 
closed graphite pockets, due to high gas pressures resulting from 
vas-forming reactions. Such growth effects of oxidation are super 
imposed upon, and accentuated by, the previously mentioned 
growth factors which also operate during heating in lead at 
1500°F., 7.e., permanent volume changes associated with graph- 
itization and the eutectoid transformation. 

24. The magnitudes of the three main contributions to the 
growth which takes place on heating in air are illustrated in Fig. 16. 
All of the growth oceurring at 1250°F. is assigned to graphitization 
and attendant cracking. On heating above the critical tempera 
ture, the growth due to graphitization and attendant eracking is 
calculated from the extent of graphitization, as reported in Table 
2, and the growth per unit of carbon graphitized, as given in Table 
t+. The additional growth due to eutectoid transformation cracking 
is assumed to be the same whether the heating is done in air or in 
lead, and this increment of growth has already been established for 
the lead treatments at 1500°F. in Fig. 15. The balance of the over- 
all growth in the air heatings is attributable to oxidation effects. 

25. From Fig. 16 it is evident that the growth associated with 
graphitization on heating at 1500°F. in air is about the same 
whether the heating is continuous or repeated. On the other hand. 
the growth increments due to the eutectoid transformation and to 
oxidation are considerably greater in the case of repeated heating 
than in continuous heating. Repeated heating through the critical 
range promotes cracking, and thus provides more channels for 
rapid oxygen penetration. Furthermore, the breathing action on 
alternate heating and cooling facilitates the innerward penetration 
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of oxygen and the outward escape of gaseous products of reaction 
This explains the much greater carbon loss after repeated and 
evelie heating at 1500°F. than after continuous heating. 

26. Phosphorus retards the overall growth of cast iron on heat- 
ing in air above the critical temperature, not only by reducing the 
vraphitization and the eutectoid transformation factors, but also 
by reducing the oxidation effects. Kennedy and Oswald*’ and 
Sohnehen and Piwowarsky‘ have ascribed the oxidation resistance 
of phosphorus-rich irons to the obstruction which the steadite at 
the grain boundaries offers to the diffusion of oxygen. However. 
this explanation cannot be regarded as the main reason for the 
beneficial action of phosphorus. Phosphorus inhibits internal rup- 
ture by its strengthening effect, and thereby reduces the number 
of ready paths available for air penetration. In addition, phos- 
phorus improves the inherent oxidation resistance of the matrix, 
just as in the case of steel’*. The scale formed on the high phos- 
phorus irons is thin and adherent, and probably offers appreciable 
protection against further oxidation. Such protection also ap- 
plies to the exposed walls of cracks and graphite pockets, thus re- 
tarding the diffusion of oxygen through the matrix. 


CONCLUSIONS 


27. The growth of east iron has been found to result from 
craphitization and attendant cracking, eutectoid transformation 
eracking, and oxidation effects. The relative magnitude of these 
erowth factors has been roughly ascertained by conducting con- 
tinuous and repeated heating tests below and above the critical 
temperature in air and in lead. 

28. Phosphorus improves the growth-resistance of cast iron by 
inhibiting each of the above three causes of growth. However, 
chromium is more effective than phosphorus in retarding growth. 
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The Detection of the Susceptibility of 18-8 Steel 
Castings to Intergranular Corrosion 


l. 


vyrain boundaries and is produced by heating the alloy in the tem- 
perature range 800° to 1600°F. as in welding, in improper anneal- 


ing, or in service where such temperatures are met. A fairly com- 
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COLUMBUS, OHIO 


Abstract 


This paper describes a rapid, simple, electrolytic test 
for detecting susceptibility of 18-8 stainless steels to inter- 
granular corrosion. Heretofore susceptibility tests were 
time consuming and required a test section. The appara- 
tus consists of a small lead cell which is clamped against 
the article to be tested and which contains a 60 per cent 
sulfuric acid solution containing 5 ml. per liter of Glycyrr- 
hiza extract. The current may be supplied by a storage 
battery or a battery charging rectifier. The treatmen‘ 
takes 3 minutes and merely produces a small circular 
spot on the surface of the object being tested. The test 
spot on material susceptible to intergranular corrosion 
is characterized by a roughness at the grain boundaries. 
In most cases the naked eye can differentiate between 
susceptible and unsusceptible material. This test appears 
to be applicable to both wrought and cast materials. The 
effect of addition elements on susceptibility was studied. 
It was demonstrated that the test can be used to detect 
susceptibility to corrosion at points adjacent to welds. A 
comparison of this test with an electrical resistivity meas- 
urement test for susceptibility to corrosion was made. 


The test to be deseribed was developed to furnish a rapid, 
simple method for detecting susceptibility to intergranular cor- 
rosion in 18-8 stainless steels. It is known that this susceptible con- 
dition is associated with the precipitation of free carbides in the 
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Fic. 1—DIAGRAM OF CELL AND ELECTRICAL CIRCUIT 


plete discussion of the cause and prevention of such a condition 
has been made by Bain and co-workers and by other investiga- 
tors.**** 

2. Present methods of detecting susceptibility cannot be ear 
ried out on a formed article because a sample section is required 
for examination and such a section cannot be obtained if the ar 
ticle is to be used later. One of these methods consists in subjecting 
a sample to corrosive conditions in some acid medium such as a 
mixture of copper sulfate and sulfuric acid. Such tests require at 
least 72 hours to run. Another method used is to make a metal- 
lographic examination for carbides at the grain boundaries.’ ” 
Such a study is time consuming and also requires test sections. 


3. The test described here can be carried out on a completed 
structure and requires only a few minutes to run. A small portion 
of the piece under test is given an electrolytic treatment and the 
appearance of the resulting spot tells whether the steel is susceptible 
to intergranular attack or not. That is, a piece which is immune 
from attack shows a fairly uniform polish while a susceptible piece 
shows attack at the grain boundaries. When the examination is 
made under oblique illumination the test spot on a piece of im- 
mune wrought material will appear black due to the high reflec 


* Superior numbers refer to corresponding references at end of the paper. 
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tivity of the smooth polish obtained on this type material. The test 
spot on a piece of immune cast material will appear less black due 
to the ridges formed by dendrites. Wrought and cast materia’ 
which is susceptible will show white at the grain boundaries due to 
diffuse scattering of light at the rough edges. In wrought material 
the test spot on a sensitized piece will appear frosty due to the fine 
erain size; in large grained cast material the test spot will appear 
fairly dark with the grain boundaries outlined in white. 


EXPERIMENTAL MetTIIOD 


|. The small test spot mentioned is produced by an anodic 
treatment with a cell that can be clamped onto a sample or an 
actual structure. The apparatus can thus be made into a shop 
tool. 

>. The cell and electrical cireuit used are illustrated in Fig. 
1. The cell C is lead, joined to the steel plate D and insulated from 
it by a short piece of rubber tubing FE. The cell is forced tightly 
against the steel plate by some clamping mechanism. The seal 
formed by the rubber against the steel plate is sufficient to retain 
the liquid bath inside the cell. The spot treated can be made any 
shape desired, depending on the shape of the rubber gasket. The 
spot is not deep and could be used for identification purposes. The 
cell illustrated polishes a cireular spot about °%<-in. in diameter. 

6. The bath consists of 60 per cent (by weight) sulphurie acid 
to whieh is added 5 ml. per liter of Glveyrrhiza extract (U.S.P.). 
This eell requires about 2 to 2.5 ml. of the bath which is discarded 
after each test. 
7. Power may be supplied by a storage battery or a battery 
charging rectifier. Fig. 1 illustrates the use of a battery, the eur- 
rent being controlled by the resistance R. The recommended enr- 
rent density is about 14 amperes per sq. in. which for the cell de- 
seribed requires 1.5 amperes at about 5 to 6.5 volts. The time used 
is three minutes. When the cell is operated at 1.5 amperes the 
initial voltage is usually 7.4 and the voltage gradually falls to 
about 5.0. This is due to the lowering of the resistance in the cell 
as the bath heats. This resistance drop is equalized by increasing 
resistance R, so that a constant current flows. 

8. The temperature effect is not serious unless the test is being 
applied to large objects, when the mass of metal is so great that the 


heat generated in the cell is dissipated so rapidly that an even test 
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2—PHOTOGRAPHS AT ACTUAL Size (ABOvE) AND x3 (BeLow) or Cast 18-8 Sampies Heat 
['REATED AS INDICATED AND SUBJECTED TO THE ELECTROLYTIC Test. THe ANALYSIS oF THE STEEL Is: 
0.04 C, 19.48 Cr, 8.96 Ni, 0.76 Mn, 1.09 Sr, 0.10 Cu, 0.021 S anp 0.016 Per Cent P. 


1 2 3 4 
QUENCH- 10 MIN 4 Has. 72 Has 
ANNEALED 1200°F 1200°F 1200°F. 


spot is not produced. One simple method to overcome this is to 
heat the object to be treated by running hot water over it until it 
reaches 120-140°F. In this manner the heat drain on the cell is 
lessened and a satisfactory surface will result. Another method 
is to contruct the cell with more than \%-in. between the lead and 
the sample, and thus generate more heat in the bath due to in- 
creased resistance. A third method is to increase the current den- 
sity. This method must be used with care because there is the 
possibility of polishing sensitized material if too much current is 
used. <A little experimentation will indicate the best condition to 
use for an object of a particular size. All tests to be described later 
were made under the same conditions. 

9. In most cases the presence of susceptibility to intergranular 
corrosion can be detected as a frostiness and grain boundary attack, 
which is readily noticeable. Partial sensitization sometimes re- 
quires more careful examination, such as viewing at various angles 
or the use of a magnifying lens. 

10. Most rolled or machined surfaces can be tested without any 
surface preparation except removal of grease or dirt. Cast sur- 
faces, which usually are rough, are prepared by grinding a small 
flat spot and then polishing with a series of emery papers to pro- 
vide a fairly smooth surface. It is not necessary to remove al! 
scratches 
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Cast STEELS TresTEeD 
Progressive Sensitization 

11. Samples of cast 18-8 steel of 0.04 per cent carbon content 
were sensitized by heating at 1200°F. for 30 minutes, four hours. 
and 72 hours. Visual examination after the electrolytic treatment 
showed a definite increase in lieht, rough area corresponding to 
the time of sensitization; that is, samples that’ had been held at 
1200°F. for the longest periods of time showed the most extensive 
light areas. Fig. 2 includes photographs of some of these test 
spots at actual size and at three diameters, which reproduce fairly 
well the appearance of the spots when the sample is viewed oblique- 
lv. The heat treatment given the sample is noted below the corre- 
sponding photograph and the chemical analysis of the steel used is 
ineluded. The spot on the first sample, which was quench-annealed, 
appears uniformly dark and rough. The unevenness in surface is 
characteristic of cast materials and is caused by the dendritic forma- 
tions present. Wrought material which does not have this structure 
shows a uniformly black spot indicating a very even, smooth sur- 
face. Sensitized material does not give a uniform over-all finish 
but is rough at the grain boundaries. This is illustrated by the 
second sample, sensitized for 30 minutes at 1200°F., which shows 
the grain boundaries outlined in white. This effect is produced 
by the scattering of the light at all angles at the rough areas which 
have been selectively etched adjacent to the points of carbide pre- 
cipitation; that is, the grain boundaries. The faces of the grains 
have been polished fairly smoothly (limited by dendrites) and 
appear as dark areas. It is evident that the extent of carbide 
precipitation has increased with the time of heating at 1200°F. be 
cause sample 4 shows a much more complete outline of grain 
boundaries than 2 and 3. Sample 4 also indicates the formation 
of carbides within the grain, as shown by the white spots. 

12. Other tests on the same material indicate that sensitization 
can be produced after only a few minutes of heating at 1200°F. 
Other tests indicate that sensitization is produced more rapidly in 
large-grained material than in fine-grained. 


Higher Carbon 

13. Cast samples of 18-8 steel containing 0.067, 0.10, 0.125, and 
0.16 per cent carbon were treated for 4 hours at 1200°F., and in 
all cases a differentiation could be shown between the sensitized and 


unsensitized material by means of the electrolytic test. Fig. 3 illus- 
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trates sensitized and unsensitized samples of 18-8 of 0.10 and 0.16 





per cent carbon. The pictures illustrate that the distinguishing 
marking of sensitization is the outline of grain boundaries. Such a 


Se DOE Ad 


pattern is very different from that seen on the pieces that were 
quench-annealed. The patterns in these cases are due to the 


dendriti¢ structure characteristic of east materials 


Wrought Materials 
14. Tests similar to those deseribed above have been made on 


wrought 18-8 steels of various carbon content. The tests ean be used 











a 


Fic. 3—PHOTOGRAPHS AT ACTUAL Size (ABove) AND x3 (BeLtow) or Cast 18-8 SAMPLES oF 0.10 
Pek CENT AND 0.16 Per Cent C. Heat TREATED AS INDICATED AND TESTED FOR SENSITIZATION. 





0.16 Per CENT 0.10 Per Cent — 
QUENCH- 4 Hrs QUENCH- 4 Hrs 
ANNEALED 1200°F. ANNEALED 1200°F. 


to follow progressive sensitization and the effect of sensitizing tem- 
perature. Test indicated that the addition of columbium to the 
steel removed the susceptibility to intergranular corrosion. 


Welds 

15. Fig. 4 ineludes photographs at actual size and at 3 diameters 
of l-in. round steel sawed lengthwise, quench-annealed at 2100°F., 
welded together end to end, and then tested for sensitization at va 
rious points. The steel is 18-8 of 0.125 per cent carbon and the 
welding rod used was 18-8 of 0.07 per cent carbon. The photograph 
shows the sensitization produced adjacent to a weld. The photo- 
graph at 3 diameters is marked so that the areas of special interest 


can be noted. The line of demarcation between weld metal and 
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Fic. 5-—PHOTOGRAPH OF TEeST Spot ON AN 18-8 STAINLESS Steet Cast VALVE Bopy. THe 
SMooTH POLISH AS SHOWN BY THE BLACK Svot INDICATES FREEDOM FROM SENSITIZATION 


adjacent steel is evident. On side A the sensitized zone in the steel 
is adjacent to the weld while on side B there is a narrow portion 
beside the weld that is not sensitized. The probable explanation for 
this area is that the steel was heated above the sensitizing range 
at this point and cooled rapidly enough so that no carbide pre- 
cipitation resulted. Note also the extent of the sensitized zene. It 
is about %-in. wide and beyond it the steel is in good condition, 
as is evidenced by the smooth polish observed on the third spot on 
side A. The white lines in this spot are due to grinding scratches 
only and cannot be mistaken for grain boundaries or sensitized 
areas. Also, a certain area in the weld shows sensitization. This was 
probably produced at the spot in the weld that was held in the sen 
sitization range for the longest time. 


16. A welded sample identical with that in Fig. 4 was quench 
annealed at 2100°F. after being welded and was then tested for 
sensitization. The test showed no sensitization at any place and 
indicates that the susceptibility to intergranular corrosion can be 
removed by proper annealing. 


17. Two pieces of cast 18-8 steel of 0.10 per cent carbon were 
welded together and tested for sensitization at various points. Sen- 
sitized areas were found on each side of the weld in about the same 
location as those shown on side B in Fig. 4. 
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Testing of Castings 

18. Fig. 5 illustrates a stainless steel valve body that was tested 
by the method described. The dark test spot free from grain 
boundary lines indicates to the prospective user that the ecast- 
ing is free from earbide precipitation. 


Effect of Molybdenum Addition 

19. Cast samples of 18-8 steel containing 3 per cent Mo. with 0.04 
and 0.10 per cent carbon were tested. The samples that were water 
quenched from 2100°F. gave a fairly smooth polish, although not 
as bright as that for ordinary 18-8. Samples containing 0.04 per 
cent carbon and sensitized for two hours at 1200°F. showed very 
little carbide precipitation, while samples containing 0.10 per cent 
carbon showed an extensive degree of precipitation after the same 


treatment 


Kffect of Titanium Addition 

20. Cast samples of 18-8 steels containing 0.60 per cent Ti. as 
a stabilizer were tested after quench-annealing and after sensitiz- 
ing at 1300°F. for three hours. In both cases a rough polish re- 
sulted. Fig. 6 illustrates the appearance of the spots. Neither one 
shows dark grains outlined by white boundaries. A microscopic 








Fic. 6—PHoToGRAPHS oF Test Spots ON SAMPLES OF 18-8 STEEL CONTAINING 0.60 Per 
Cent Ti, ILLUSTRATING THAT TITANIUM STABILIZES AGAINST ATTACK AT THE GRAIN 
Bou NDARIES 


QUENCH- 3 Hours 
ANNEALED 1300°F 
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examination of these spots also shows the structure to be different 
from any found in the other steels. Also in the titanium steel 
samples the grains themselves seem to be etched and appear dark 
and rough. The grains in the sample that was sensitized at 1300°F 
seem to be rougher than those in the quenched sample. The prob 
able explanation for this result is that the titanium has formed 
carbides and the electrolytic test is picking out these carbides 
which are present in both samples. However, the test does not 
indicate grain boundary attack and therefore predicts that the 
steel is stable and not susceptible to intergranular attack. 

21. Samples of the same steel were given a stabilizing treatment 
by heating for 21% hours at 1560°F. One piece was then heated at 
1200°F. for 2 hours. This piece and a stabilized one were tested 
and both showed spots similar to those illustrated in Fig. 6. Ap 
parently titanium stabilizes by forming carbides and the test de- 
teets the presence of carbides and shows them to be in the grain 
rather than at the boundary. 


Correlation with Corrosion Tests 

22. Various methods of measuring the degree of sensitization 
have been employed, such as magnetic measurements, the measure- 
ment of electrical resistivity, or the measurement of the degree of 
cracking produced on bending over a mandrel. Resistivity measure- 
ments will be deseribed. 

23. Measurements of electrical resistivity have been made on 
samples before and after subjection to acid copper sulfate attack 
An increase in resistivity indicates grain boundary attack. These 
results are compared with those obtained by the test spot method 
taken before the sample was subjected to the acid corrosion. 

24. Table 1 gives a comparison of the results of these tests. 
Column 1 ineludes the type steel, column 3 the heat treatment, 
column 4 the percentage change in electrical resistance after sub- 
jection to acid copper sulfate for 140 hours in one series and 163 
hours in the other, column 5 lists the results of the electrolytic 
test. In the first series this test was made after only two hours of 
sensitization instead of after 100 hours as for the resistance meas- 
urements, while in the other series the spot test was made either 
after the sample was quench-annealed or after 100 hours at 1200°F. 


25. The sulfate solution used was made up of 13 grams per liter 
of CuSO, . 5H,O and 47 ml. per liter of H,SO, (1.84 8.G.). The 
sample dimensions were 414 by 14 by \4-in. 


€ 
- 
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Table 1 
COMPARISON OF SUSCEPTIBILITY Tests ON Cast MATERIALS 
Stec Carbeor Treatment Percentage Change in Result of 
¢ Jlectrical Resistance Electrolytic Teat 
140 hra. in acid 
CuSO 2 hra. sensitization 
19-9 + Bi 00 hr. 1200°) 284 Susceptible 
19-9 + Bi 2¢ 100 hr. 1200°} 157 Sl. Susceptible 
19.9 + Bi 0.20 100 hr. 1200°F 15.6 SL Susceptible 
19-9 1.15 100 hr. 1200°F ik60 Susceptible 
19-9 Ri 15 100 hr. 1200°1 915 Susceptible 
19.9 1.295 100 hr. 1200°F 160 Susceptible 
19-9 + Bi 0.25 100 hr. 1200°T 178 Susceptible 
19-9 0.14 100 hr. 1200°F 9? Susceptible 
19-9 + Bi 14 100 hr. 1200°F 65 Very SI. Susceptible 
163 hra. in acid Quench-annealed or 
CuSO 100 hrs. sensitizatior 
19-9 ve Quench-Annealed 0 Immune 
19-9 0.10 100 hr. 1200°F >»? 100 Susceptible 
19-9 + Cb 0.10 Quench-Annealed 0 Immune 
19-9 + Ch 9,10 100 hr. 1200°F. 0 Immune 
19-9 + Ti 1.10 Quench-Annealed 0 Immune 
19-9 + Ti 10 100 hr. 1200°F 0 Immune 
19-9 + Mo 0.10 Quench-Annealed 0 Immune 
19-8 + Mo 0.10 100 hr. 1200°F 0 Immune 
19-9 + Bi 0.10 Quench-Annealed 0 Immune 
19-9 4+ Ri 0.10 100 hr. 1200°F 110 Susceptible 
26. The results in the table show that the electrolytic test pre- 


dicted susceptibility to corrosion in all cases that later showed in 
tergranular attack in the acid copper sulfate. It was found that it 
was necessary to examine some of the spots under magnification 
to be absolutely certain of susceptibility. Examination of the 
sample held obliquely is valuable in detecting the grain boundar) 
attack. It is felt that in general the test should prove valuable it 


proper care is used in examining the test spot. 


SUMMARY 


27. <A rapid electrolytic test has been developed for the detec- 
tion of carbide precipitation in 18-8 steels. When the test is ap- 
plied under proper conditions, and the spot produced is viewed 
by oblique illumination, the appearance of dark grains outlined 
by light boundaries indicates susceptibility of intergranular attack. 
The formation of a uniform test spot indicates the lack of such 
susceptibility ; and a spot that shows attack at areas other than 
the grain boundaries indicates carbide precipitation that may oe- 
eur in a harmless form. 


92 


The cell used is an open, lead tube, one end of which is 
sealed to thé Surface under test by means of rubber tubing slipped 
over the lead. The bath consists of 60 per cent sulfurie acid, to which 
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s added 5 ml. per liter of Glycyrrhiza extract. A test spot about 
‘.-in. in diameter requires 1.5 amperes at about 5 to 7 volts. The 
treatment takes three minutes. Very little surface preparation 
prior to testing is necessary. 

29. The test appears to be applicable to both wrought and cast 
materials of various carbon contents. The effect of time and tem 
perature on the degree of carbide precipitation produced can be 
followed by the test. 

30. It has been demonstrated that the test can be used to detect 
susceptibility to corrosion at points adjacent to welds. 

31. The effect of addition elements on sensitization has been 


studied. 

$2. Photographs illustrating many of the above effects demon 
strate that the naked eve is usually sufficient to differentiate be 
tween sensitized and unsensitized material that has been subjecte« 
to the test procedure. 


33. The test is nondestructive and can be applied to completed 


oe). 


struetures 
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Direct Determination of Combined Carbon in Cast 
lron and Steel 


By J. G. DonaLpson*, CotumBus, Onto 


Abstract 


A rapid and accurate method for determining combined 
carbon in cast iron and steel is described. The results 
were found to be in better agreement in precision and ac- 
curacy than those obtained by present methods of analysis, 
and with considerable saving in time. The method here 
described requires only 15 min. per determination. The 
method is not applicable to chromium steels nor any other 
alloy steels not soluble in the acid mixture used. The ap- 
paratus is conveniently subdivided into small independent 
units for added flexibility. 


1. In the organization with which the author is connected, fre- 
quent requests are received for the combined carbon content of 
cast iron, as knowledge of the proportion of carbon as graphite and 
as combined carbon, or cementite, is of value in studying metal- 
lurgical practice. 

2. The present accepted method of determining combined car- 
bon consists of the determination of total carbon and graphite ecar- 
bon, the combined carbon being the difference between those values 
This method has the disadvantage of requiring hours rather than 
minutes to perform, and the entire burden of error is thrown on 
the combined carbon figure. This procedure gives erratic results, 
as may be verified from figures given in the U. S. Bureau of Stand- 
ards certificates, the results of which are given in Tables 1 and 2. 

3. The direct method herein outlined has the advantage over 
the present method in speed and accuracy, as each determination 
ean be completed in 15 min. and with good precision. 


* Research Engineer, Battelle Memorial Institute. 
Note: This paper was presented by title at a Gray Iron Session of the 46th Annual 
A.F.A. Convention, Cleveland, O., April 22, 1942. 
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Table 1 
BUREAU OF STANDARDS Cast [RON SAMPLES 


ae Combined Carbon, per cent a 


B. of S. Bureau of Standards Certificate Results 
Sample Recommended B. M. 1. 
No Maximum Minimum Value Method 
122 0.78 0.70 0.74 0.70 
122 0.78 0.70 0.74 0.76 
6d 0.77 0.61 0.66 0.67 
6d 0.77 0.61 0.66 0.68 
Te 0.48 0.40 0.44 0.42 
Te 0.48 0.40 0.44 0.43 
4e 0.52 0.43 0.48 0.47 
4e 0.52 0.43 0.48 0.47 


t+. The method consists of solution of the sample in a dilute 
nitric-sulphuric-phosphoriec acid mixture, containing a_ small 
amount of silver nitrate as a catalyst. Oxidation of the combined 
carbon is accomplished by boiling with a hot solution of ammonium 
persulfate, and passing the evolved carbonaceous gases through 
heated copper oxide. After removal of sulphur gases and water, 
the evolved carbon dioxide is absorbed in asearite and weighed. 

5. The proceedure is carried out in a closed system to prevent 


escape of any organic gases evolved in dissolving the sample. 


EXPERIMENTAL WORK 


6. It has been shown by J. H. Whiteley! that when steel samples 
are boiled at 100°C. for 10 min. in dilute nitrie acid (1.2 sp. gr.). 
from 25 to 30 per cent of the carbon present is evolved as CO,, CO, 
HCN and hydrocarbons. This clearly points to a closed system for 
the determination, as all gases evolved during solution of the sam- 
ple must be conserved and oxidized. The carbon still retained in 
the solution must be oxidized with ammonium persulfate to ear- 
bonaceous gases, which are boiled out of the solution and further 
oxidized by the heated copper oxide to CO,, the ultimate oxidation 


product. 


7. <A dilute solution of nitric-sulphurie-phosphoric acid, con- 
taining a small amount of silver nitrate as a catalyst, was found 
most suitable for the determination. For the first tests, a sample 
of white iron, which had been previously analyzed, was used. This 
was selected because. of its high combined carbon content, much 


Iron and Steel Institute, Carnegie Scholarship Memoirs, Vol. VIII, 1917. 
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higher than normally found. When this could be determined with 
‘onsistently precise and quantitative results, the experiment was 
continued to cover the available Bureau of Standards samples of 
‘ast iron and also several Bureau of Standards samples of steel 
In the latter case, the carbon recovered represented the total car 
bon present in the steel. Some steel samples containing smal! 
amounts of alloying elements were tried with good results, except 
in the case of chromium steel. One per cent chromium in the steel 
was found to defeat the determination, as the metal was not com 
pletely dissolved in the acid, and the results were low. 


APPARATUS 


8. The apparatus (Fig. 1) consists of a 250 ml.* flask (A) with 
standard taper neck. A 125 ml. funnel (B) extends down through 
the ground glass stopper to 14-in. or 12 mm. from the bottom of 
the flask (A). A eoil condenser (C) is welded to the stopper and 
extends over and down into a 250 ml. gas washing bottle (D) con 
taining 150 ml. of a saturated aqueous solution of chromic acid 
The outlet from the gas washer is attached to a glass tube (EF) filled 
with copper oxide and extending upward into an electric coil heater 

F 

9. After the copper oxide tube, the apparatus consists of: a 
Kleming washer (@) containing 35 ml. of sulphuric acid saturated 
with ehromie acid; a second Fleming washer, empty to remove 
spray, a Stetser-Norton absorption bulb (J) charged with barium 


perchlorate drying agent; and a second Stetser-Norton absorption 


Table 2 


BUREAU OF STANDARDS STEEL SAMPLES 


geciepceninesinnaniniits - Combined Carbon, per cent ws 
R. of S. Bureau of Standards Certificate Results 
Sample Recommended BR. M. 1. 
No. Maximum Minimum Value Method 
16¢ 1.02 1.00 1.01 0.97 
16c 1.02 1.00 1.01 1.01 
20d Provisional Certificate 0.411 0.430 
20d Provisional Certificate 0.411 0.434 
9e 0.206 0.198 0.202 0.202 
9c 0.206 0.198 0.202 0.206 
130 0.460 0.448 0.454 (Pb steel) 0.480 
30c 0.508 0.481 0.489 (Cr-V steel) 0.306** 
111 0.207 0.196 0.202 (Mo-Ni steel) 0.213 


* Milliliter. 
** Chromium steel not soluble in the acid mixture used 
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Table 3 
RouTINeE LAaBoraTtTory Cast [RON SAMPLES 


—— Combined Carbon, per cent —~ 


Sample No. Recorded Value* B. M. 1. Method 
4 0.41 0.40 
B 0.37 0.37 
C 0.08 0.08 
D 9.38 0.38 
E 0.47 0.47 
F 0.44 0.49 
G 0.48 0.49 
H 0.25 0.27 
l 0.66 0.61 
J 0.44 0.45 
K 0.20 0.21 
I 0.20 0.20 


bulb (A) charged with asearite to collect the CO,, which is meas- 
ured gravimetrically. 

10. All glass construction is necessary until after the copper 
oxide tube, because gum rubber connections are immediately at 
tacked by nascent oxygen giving a non-reproducible blank. Rubber 
connections, however, may be used after the copper oxide tube. 


PROCEDURE 


11. Weigh 2.727 grams of sample into flask (A). Heat the 
copper oxide tube to 300-310°C. and pass oxygen through the train 
at a rate of about 250 ml. per min. for a few minutes. Ciose stop- 
cock between funnel (B) and flask and attach a weighed asearite 
bulb to the train. 

12. Remove the oxygen line and pour 40 ml. of dissolving acid 
into the funnel. This dissolving acid consists of 5.25 grams of silver 
nitrate (Ag NO,), 1800 ml. of water, 500 ml. nitrie acid (HNO, ) 
160 ml. sulphurie acid (H,SO,) and 200 ml. phosphoric acid 
(H,PO,). 

13. Force the acid into the flask under pressure by reconnecting 
oxygen supply and opening stopcock. When the first violent action 
has subsided, place a low flame under the flask and boil gently 
until sample dissolves and nitrous gases disappear. 

14. Remove flame and disconnect oxygen supply. Dissolve 5 
grams of ammonium persulfate in 100 ml. of boiling water and pour 


*In Tables 3 and 4, the “recorded value” is that previously obtained by difference, 
total carbon-graphitic carbon. during routine analysis of the samples. 
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into the funnel (Bb Open stopcock and force into the flask b) 


reattaching the oxygen supply. 


15. Boil the solution for 4 min., then remove flame. Sweep out 
the system with oxygen for another 4 min., remove ascarite bulb 
and weil The increase in weight represents the combined earbon 


as CO 


RESULTS 


16. Tables 1, 2, 3 and 4 show the results obtained by the present 
ly accepted and the new methods. Table 1 shows the results ob 
tained on Bureau of Standards certificated samples of cast iron 
and Table 2 shows the results obtained on similar samples of steel 
Table 3 shows the results obtained on routine laboratory samples 
while Table 4 shows a comparison of the results obtained by the 
two methods by an independent operator. 

17. In Tables 3 and 4, the ‘‘recorded value’’ is that previously 
obtained by difference, total carbon-graphitie carbon, during rou- 





tine analysis of samples 


Table 4 


['NKNOWN SAMPLES DETERMINED BY AN INDEPENDENT OPERATOR 


——______—_. Combined Carbon, per cent 





Sample No. Recorded Value B. M. i Method 
M 0.34 0.33 
N 0.38 0.39 
) 0.48 0.46 
¢ 0.44 0.438 
R 0.74 0.76 
S 0.25 0.26 
7 0.23 0.25 
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*In Tables 3 and 4, the “recorded vajue” is that previously obtained by difference 
total carbon-graphitic carbon, during routine analysis of the samples. 








The Drying Out of Synthetic Sands 


By N. J. DunpBeck*, Errort, Onto 


Abstract 


Since the drying-out qualities of a molding sand are 
important in foundry molds, the author has made a study 
of this characteristic in both naturally-bonded and syn- 
thetic sands. His approach to the solution of the drying- 
out problem is through the introduction into the sand mix- 
ture, by way of the tempering water, of treating agents 
designed to lower the vapor pressure of the water. The 
test results in this paper include various treatments of 
southern and western-bentonite-bonded sands and fire- 
clay-bonded sands. A large number of substances which 
lower the vapor pressure of water were added to the sand 
mixtures in the manner indicated above. The paper 
records not only the effect of these various agents on the 
drying-out characteristics of sand mixtures, but also their 
effect on the properties of the sand. Since fuel oil has 
been used to reduce the drying-out of molding sand, the 
effect of this material on molding sands also was 
investigated. 





1. Synthetic sands are those made in a foundry, as required, 
from materials so selected by the foundryman as to best fit his 
particular needs. 

2. The silt and fines in naturally-bonded sands have a large 
surface area and require a substantial amount of tempering water 
to wet the surface and make them moldable. The clay in naturally- 
bonded sands is usually less efficient than specially-selected bond 
elays and a relatively large amount of tempering water is neces- 
sary to wet and make plastic this substantial amount of clay. 


3. In contrast, synthetic sands contain a small amount of strong 

* Vice President. Eastern Clay Products, Inc. 

Note: This paper was presented at a Sand Research Session of the 46th Annwal 
4.F.A. Convention, Cleveland, O., Apri] 22, 1942 


. 
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clay and a minimum amount of fines. Less tempering water is re 
quired and a higher permeability results. Tempering water seems 
to be evaporated faster from such an open sand and it is believed 
that the loss is more apparent and more of a problem due to the 
small amount of water present. For example, if a synthetic sand 
contaiing 4 per cent water and naturally-bonded sand containing 
7 per cent water each lose one per cent water by evaporation on a 
hot day, the synthetic sand loss is one-quarter while the naturally- 


bonded sand loss is only one-seventh. 


CURRENT REMEDIES 


1. In present practice, synthetic sand is tempered heavier on 
hot days and allowance thus is made for the probable evapora- 
tion before use. The wide use of synthetic sand is evidence that 
this is a satisfactory method of producing castings, but it would be 
very desirable to reduce the moisture loss in both naturally-bonded 
and synthetic sands. 


®. Glyeerine has been successfully used but is expensive. Fue! 
or crude oil is also in use. Usual addition of such oils is about one 
gallon per ton of sand, the oil being added only a short time be- 
fore the mixer is dumped. Oil also may be dripped slowly onto a 
system sand on a convevor belt before it reaches a mixer of any 


type. 


6. Use of fuel oil in this manner, in a large malleable foundry, 
not only has eliminated previous complaints from the molders but 
has permitted an actual reduction of 0.75 per cent in tempering wa- 
ter added, with satisfactory ‘‘feel’’ of the sand maintained. It is 
claimed that the oil has a slight lubricating effect on the pattern 
and that less sticking of hot sand and less cleaning of pattern is 
required. It also has permitted a substantial reduction in the 
amount of sea coal used. Presumably the fuel oil gives off a gas 
with similar action to that evolved from sea coal. 


””? 


7. The use of fuel oil ordinarily would be expected to result in 
somewhat lower strength. Within the normal moisture range, 
synthetic sands become stronger as moisture is decreased. In the 
particular ease mentioned, the reduction in moisture content more 
than compensated for any strength loss due to the oil addition. In 
other foundries, the addition of oil is said to have required the use 


of more bond elay. 
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8. The one and principal objection to the use of fuel oil is the 
annoying smoke which is created on pouring. This is of sufficient 
nuisance that it almost prohibits the use of oil in floor shops. The 
smoke is of no consequence when the castings cool on a covered 
mold conveyor. 


EXPERIMENTAL WorRK 


9. Any steps toward the solution of the problem of drying out 
of synthetic sands were of evident value, so work on the matter 
was included in a researeh project sponsored at Battelle Memorial 
Institute, Columbus, Ohio, by the company with which the writer 
is associated. In this project, it was decided to measure the effect 
of chemical and physical agents which lower the vapor pressure of 
water. Such agents might be expected to give the maximum redue- 
tion in the drying rate of synthetie sands. 

10. Since temperature and humidity have a great effect upon 
the rate of drying-out, all mixing and testing was performed in a 
room which was maintained at 77°F. and 55 per cent humidity. 
Unless otherwise indicated, all treating agents were added in solu- 
tion in the tempering water. All additions were by percentage of 
the weight of clay in the mixture. All testing was done in ac- 
cordance with A. F. A. standards. Ten specimens of each sand were 
weighed immediately after mixing and exposed on an enameled 
plate. All surfaces except the bottom were exposed. The drying 
of such a specimen would be more rapid than sand in a heap or 
facing box. The test can be considered, therefore, to be an ac- 
celerated one but comparable from one mixture to another. The 
samples were reweighed at intervals and the loss expressed as the 
percentage of the original moisture content which was lost during 


drying. 


Effect of Agents Used on Bentonite and Fire-Clay-Bonded Sands 
11. Table 1 shows that some materials were effective in redue- 
ing the drying-out of southern-bentonite-bonded sand during short 
periods. If our problem was the drying-out of facing sands, it 
seems likely that agents should be selected which offered the great- 
est decrease in drying-out over short periods of time. Among the 
most effective of these were lithium chloride, zine chloride, ethylene 
glycol and dextrin. If our problem was the drying out of system 
or heap sand, lithium chloride is indicated as the most effective 
over long periods of time. 
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Table | 


EFFECT OF Various AGENTS ON SOUTHERN-BENTONITE-BONDED 





SAND 
jetta Moisture Loss, Per Cent 
Agent Per Cent Time, min. 
Added Added Bf 60 90 120 180 860 
None (blank) 6.1 10.0 13.9 16.6 22.1 31.9 
0.5 6.3 9.7 13.6 16.3 21.9 31.6 
Lithium Chloride 2.0 5.5 9.2 11.2 15.2 19.6 27.8 
5.0 5.0 8.6 11.2 13.6 17.5 24.0 
0.5 5.6 9.6 137 15.5 20.6 # 29.1 
Potassium Acetate 2.0 5.9 10.2 13.3 15.9 20.7 29.2 
| 5.0 5.8 9.4 12.4 15.2 19.9 28.2 
zine Chloride { 2.0 5.7 8.8 10.8 13.4 263 B12 
—- ~—" 1 5.0 5.3 8.8 11.2 128 165 31.0 
ee : = ae \ 2.0 5.9 8.7 11.5 11.5 18.3 33.0 
Cereal Binder No.1} 5’ 6.0 100 114 123 181 332 
Ethylene Glycol 5.0 5.4 9.5 12.9 16.6 20.0 32.7 
Sulphuric Acid 5.0 4.5 8.7 12.0 15.1 19.9 33.4 
Phosphoric Acid 5.0 4.7 8.5 10.7 14.1 17.9 28.9 
Dextrin 5.0 4.2 8.8 11.9 15.0 19.9 31.4 


12. Table 2 shows that most treating agents were more effective 
on fire-clay-bonded sands than on southern-bentonite-bonded sands, 
Table 2 
Errect oF Various AGENTS ON FrrE-CLAY-BONDED SAND 


——- Moisture Loss, Per Cent 





Agent Per Cent Time, min. 
Added Added 30 60 90 120 180 360 
None (blank) — 6.5 11.0 14.7 18.3 24.4 41.0 
i Stati { 2.9 5.4 8.5 113 135 178 29.9 
Lithium Chloride ) 5.0 31 63 71 £88 112 (17.9 
ae iia 0 4.8 83 114 141 187 81.2 
SERaSTa Se 1 5.0 4.9 8.0 102 12.1 15.4 26.0 
rn er { 2.0 4.5 7.9 10.1 12.7 180 31.2 
Zine Chloride ) 5.0 42 #72 92 — 157 266 
Cereal Binder No. 1** § 28 4,3 7.9 103 180 181 27.0 
a ee So ) 5.0 4.1 7.4 9.7 11.9 15.6 26.2 
Ethylene Glycol 5.0 4.5 7.8 10.3 12.9 17.0 28.5 
Sulphurie Acid 5.0 5.2 9.0 123 14.7 18.7 308 
Phosphoric Acid 5.0 5.8 8.5 114 13.9 185 31.4 
Dextrin*’ 5.9 5.2 76 105 180 17.8 29.1 


* Added dry to the clay sand mixture. 
** Added dry to the ciay sand mixture 
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which leads to the belief that different treating agents should be 
used, dependent on the type of bond in use. Lithium chloride, zine 
chloride, cereal binder No. 1 and ethylene glycol were most effee- 
tive, lithium chloride being the most effective. This was partieu- 
larly true over long drying periods. 


Table 3 
Errect oF Various AGENTS ON WESTERN-BENTONITE-BONDED SAND 


a Moisture Loss, Per Cent —— 


Agent Per Cent Time, min. 
Added Added 30 60 90 120 180 360 
None (blank) = 4.0 v3 9.7 12.3 16.2 By 
me § 2.0 2.8 5.3 7.5 95 13.9 23.9 
Lithium Chloride ) 5.0 29 46 67 87 4116 19.7 
Potassium Acetate 5.0 5.0 8.6 11.3 13.9 18.1 29.4 
Zine Chloride 5.0 5.2 8. 10.9 12.9 16.9 27.9 
5.0 3.5 oe 9.2 12.2 15.7 27.1 
Cereal Binder No. 1* { 10.0 1.8 7.8 9.9 12.3 15.8 26.8 
| 25.0 3.8 7.0 8.4 108 148 25.0 
Ethylene Glycol 5.0 6.2 8.4 11.1 13.6 18.3 29.1 
Sulphuric Acid 5.0 6.5 98 12.7 149 19.6 29.7 
Phosphoric Acid 5.0 4.5 75 1056 128 17.7 27.6 
Dextrin* 25.0 5.1 8.5 10.8 13.3 17.8 28.9 


13. Table 3 indicates that western-bentonite-bonded sands dried 
out more slowly than southern-bentonite or fire-clay-bonded sands. 
Most treating agents were not effective on western bentonite and 
only lithium chloride gave an appreciable reduction in the rate of 
drying-out. 

14. Table 4 again points to the value of lithium chloride on 
southern-bentonite-bonded sands, with calcium chloride and barium 
chloride effective to a lesser extent. Table 5 indicates that both 
lithium chloride and ecaleium chloride are very effective on fire 
clay-bonded sands. Table 6 again points to the value of lithium 
chloride and calcium chloride additions when applied to western- 
bentonite-bonded sands. 


Effect of Lithium and Calcium Chlorides on Properties 

15. Table 7 shows that calcium chloride had little effect on the 
mechanical properties of a southern-bentonite-bonded sand. Previ- 
ous tables have shown, however, that calcium chloride is less effec- 


* Added dry to the clay sand mixture 
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Table 4 
Ereect or Various AGENTS ON SOUTHERN-BENTONITE-BONDED 
SAND 
Moisture Loss, Per Cent ——_. 
Agent Per Cent Time, min. 


Added Added i 60 90 120 180 
None (blank) & 9.6 13.8 16.1 21.1 


2.0 3.6 9,4 11.! 14.6 20.4 
Lithium Chloride 5.0 3. a 9. 12. 18. 
| 10.0 3.f y ? 11.3 14, 


Cal — ' 2.0 3.f 10.: 3.5 16.5 
alclum Chloride ) 10.0 5. 7.0 Q ¢ 11.8 


Phenol 5.0 j.§ 11.1 5.¢ 18.7 
Barium Carbonate 5.0 # 9.8 3. 16.3 
a ee 1 114 138 17.0 20.6 
se Ta aataren | 10.0 9 10.0 126 15.8 18.7 


me a { 5.0 5.6 10.3 y 16.% 18.6 
Zine Sulphate 1 10.0 10.0 8 17.3 19.1 


tive than lithium chloride. A 10 per cent addition of lithium 
chloride to the southern-bentonite-bonded sand caused a drop in 
both green and dry strength. Smaller additions, which were effec- 
tive in reducing the drying rate, had no material effect on strength. 

16. The green strength of the fire-clay-bonded sand was not 
materially affected by any additions of these chlorides. Two per 


Table 5 
Errect or Various AGENTS ON F1rRE-CLAY-BONDED SAND 


Moisture Loss, Per Cent 
Agent Per Cent Time, min. 
Added Added 3 60 90 120 180 
None (blank) 16.5 18.7 27.4 


14,1 19.3 
9.6 
4.2 


13.7 
11.1 
5.3 


19.6 
16.5 


12.1 
11.9 


15.0 
11.7 


0 
9° 
t© 


2.0 
Lithium Chloride ' 5.0 
| 10.0 
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2.0 
Calcium Chloride 5.0 
| 10.0 


Phenol 5.0 
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EFFECTS OF VARIOUS AGENTS ON WESTERN-BENTONITE-BONDED 


Agent Per Cent 
Added Added 
None (blank) —_ 
2.0 
Lithium Chloride 5.0 
| 10.0 
{ 2.0 
Calcium Chloride , 8.0 
| 10.0 
Barium Chloride 10.0 
Zine Sulphate 10.0 


SAND 


5.0 


Moisture Loss, Per Cent ——~ 


Time, min. 


60 90 120 
Volk 9.7 12.3 
5.3 7.5 9.5 
4.6 6.7 8.7 
2.3 4.1 4.4 
6.6 9.4 11.6 
5.4 7.5 9.6 
| 6.2 Be 
6.6 9.8 11.6 
7.6 10.8 13.2 


180 
16.2 
13.9 
11.6 

5.9 
15.5 
12.9 
10.0 


15.8 
17.0 


9n 9 


a0.e 
21.5 
16.2 
26 ») 


28.0 


cent calcium chloride had little effect on dry strength, while larger 
additions substantially increased this value. This would be desir- 


able in some applications and undesirable in others. 


Effect of Lithium and Calcium Chlorides on Hot Strength 


17. 


Table 8 shows that lithium chloride, which was most effec- 


tive in reducing the drying ratte, caused a substantial drop in hot 


EPFEC1 


Type Bond 


Southern 
Bentonite 


Fire Clay 





or LITHIUM 
MECHANICAI 


Addition -——~ 
Kind 


{None (blank) 


| Caleium Chloride 
Lithium Chloride 


‘None (blank) 


| Calcium Chloride 


Lithium Chloride 


Table 7 


AND CALCIUM 


(‘HLORIDE 


, PROPERTIES OF SAND 


Green 
Com- 
Green pression, 
Permea- lb. per 
bility sq. in. 
284 8.1 
287 8.6 
287 8.5 
300 8.0 
275 8.1 
300 8.2 
287 7.4 
161 8.4 
146 8.2 
156 i 
142 8.0 
146 8.0 
173 8.0 
178 Te 


p 


ADDITIONS ON 


Dry 
Com- 
reasion, 
lb. per 
eq. in. 

53 
55 
58 
56 
58 
46 
34 
40 
38 
63 
89 


1 & bt 
oo = CO 
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strength of the southern-bentonite-bonded sand and a lesser drop 
in the fire-clay-bonded sand. Caleium chloride also caused some 
drop in hot strength of both sands. 


Effect of Cereal Binders on Drying-out Rate 
18. Table 9 shows that cereal binders were effective in reduciny 
the rate of drying-out of fire-clay and southern-bentonite-bonded 





Table 8 
illor StrenetH or TREATED SAND 
Cla Addition . - Hot Compreasion Strenath, lb - 
Kind Per Cent 900 1000 1500 200° F', 
{None (blank) - 33 42? 55 64 
‘ale Chloride ! 5.0 - : 50 
Southern VEICIUM VUMIOFIGe ) 100 45 45 62 42 
Bentonite 

’ \ 5.0 — = - 29 

( “ide 
Lithium Chloride , 10.0 : 5 20 
f None (blank) - 42 71 81 201 
F . } 5.0 == _ _— 142 
7 | Calcium Chloride : ‘ os 
Fire Clay < im ——— 7a 93 118 169 106 
aed ; ; { 5.0 — — -—- 198 
| Lithium Chloride ) 10.0 pe) o3 a 120 


sand but less effective with western-bentonite-bonded sand. Su 
erose was effective only with the fire-clay and the sulphite binder 
was particularly effective with fire-clay. It also will be noted that 
small additions ef ealeium and lithium chloride reduced the dry 
ing rate of the fire-elay-bonded sand as much as very large addi 


tions of cereal binder 


Drying-out Behavior of Naturally-bonded and Synthetic Sands 

19. At this point in the investigation, it was apparent that the 
drying rate could be reduced and it was necessary to determine how 
much improvement was necessary to provide a satisfactory sand 
Naturally-bonded sands, and also synthetic sands, treated with oil 
had been declared to be satisfactory by users. Therefore, their 
drying behavior was determined. 


20. The weaker Sandusky sand was used as received, while the 
stronger Gallia sand was mixed with 25 per cent Michigan City 
sand to give green strengths comparable with the synthetic sands 
used. Table 10 shows that the percentage moisture loss in naturally- 





Cereal Binder No. 1 


Cereal Binder No. 2 


Cereal Binder No. 38 


Sulphite Binder 


Calcium Chloride 


Lithium Chloride 


Southern Bentonite 


Cereal Binder No. 1 


Cereal Binder No. | 


Western Bentonite 


Cereal Binder No. 1 


Cereal Binder No. 2 


— 


Cereal Binder No. 3 


—— 


FURTHER ADDITIONS 


Per Cent 
Added 


10.0 
25.0 


10.0 
25.0 


10.0 


25.0 


10.0 
25.0 


10.0 


—— 


boo 


~ 
> 


ee Co 


CO tO 
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ON ALL TYPES OF SAND 
Moisture Loss, Per Cent ———— 


Time, min. 
60 90 120 180 390 


7.5 11.1 14.0 18.9 34.4 


6.5 8.9 11.0 15.0 26.2 
5.9 8.1 10.4 13.7 23.8 
7.0 9.8 11.8 15.2 26.8 
7.0 9.3 1.2 14.6 25.2 
‘tol 9.7 11.4 15.6 26.7 
7.1 9.0 11.3 14.9 25.5 
6.1 7.9 9.8 13.2 22.3 
5.4 6.7 8.4 11.8 19.2 


7.5 9.8 12.1 16.0 26.8 
6.0 8.0 9.8 13.0 22.9 


6.9 9.2 11.6 17.1 28.0 
6.6 9.1 11.0 14.9 26.2 


6.3 8.9 11.4 15.8 27.7 
6.2 8.4 10.3 14.4 24.7 


6.3 9.6 11.6 16.1 30.4 
7.9 10.4 13.0 7 31.4 
7. 10.5 13.2 17.8 28.1 
& - 10.7 13.8 17.9 30.6 


4 10. 
6.9 10. 
7.5 10.2 12.9 16.4 30.2 

8.5 10.3 14.9 28.2 


7.1 9.7 12.3 16.2 27.7 
7.2 9.2 12.2 15.7 = 27.1 
7.8 9.9 12.3 15.8 26.8 
7.0 8.4 10.8 14.8 265.0 
7.9 10.4 12.9 16.2 26.9 
6.5 9.1 11.9 15.0 25.5 
7.6 9.7 12.2 16.4 27.6 
7.0 9.1 11.1 16.4 25.8 
7.0 9.7 12.1 16.3 26.4 
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lable 10 
Rate OF Dryina or NATURALLY-BONDED SAND 


Moisture Loss, Per Cent - 
Time, min. 

Sand 60 90 120 180 

Gallia Red plus 25 per cent 
Michigan City 2.6 oa . of 11. 
Sandusky J : 8.9 12. 
bonded sands is lower than with synthetic sands. Table 11 shows 
that actual moisture loss is as great or greater. It seems, therefore, 
that these naturally-bonded sands do not dry out slower than syn- 
thetie sands but that the loss is less important because they are 


workable over a wider moisture range. 


Table 11 
COMPARISON OF DryING RATE OF NATURALLY-BONDED AND 
SYNTHETIC SAND 


Actual 
Tempering Total Moisture Water Loss in 
Water, Loss in 390 390-Min.-Grama 
per cent Min., per cent per 1000 Grams Sand 
Natural 
Snythetic 
13.1 
11.9 


1é 


| Gallia 
| Sandusky 


1 
oc 


Natural 


~ 


Fire Clay 
Synthetic Southern Bentonite 
Western Bentonite 


a 
8.1 
5.8 


y 
6.9 


to ho Co 
ocin 


21. This is true also of fire-clay-bonded sands which give less 
trouble from drying-out in the foundry than the bentonites, al- 
though the rate of moisture loss is greater in the fire-clay-bonded 


sands. 


Effect of Fuel Oil Additions on Drying-out 

22. As shown in Table 12, fuel oil, added a short time before the 
mixer was dumped, had little effect in reducing the rate of drying- 
out. 

23. It was found that check results were more consistently ob- 
tained in all tests in the periods of longer drying and it is suggested 
that comparisons between tests be made on such basis. 

24. The system sand in Table 13 is composed principally of 
burned core sand, with a small amount of bank sand and sea coal. 
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Table 12 


Errect oF Ow AppiITions on Dryina Rate 


Clay Bond Fuel Oil* Per Moisture Loss, Per Cent**—Time, min. 
Ton Sand, Qts. 30 60 90 120 180 =. 90 

{— 6.4 8.7 11.1 13.2 17.9 30.4 

Southern Bentonite { 5.9 3.9 7.6 100 126 166 29.5 
| 11.8 5.0 8.2 11.3 13.7 18.0 29.8 

| 17.6 4.6 12 9.7 12.5 16.4 26.6 

f{— 4.4 6.7 9.2 12.3 15.6 29.4 

Fire Clay + 5.9 4.2 6.8 9.4 11.7 16.2 29.7 
| 11.8 3.9 6.4 8.5 11.1 15.3 28.9 

| 17.6 3.4 6.4 8.6 11.0 15.4 28.1 

—— 3.8 6.8 9.2 11.3 15.6 25.9 

Western Bentonite , 5.9 3.1 6.2 8.6 9.9 14.9 24.2 
| 11.8 4.4 1.3 9.6 12.0 16.1 26.3 

| 17.6 4.7 7.0 9.6 11.2 15.6 26.8 


The clay used is a combination of one-half fire clay and one-half 
southern bentonite. There are 60 tons of sand in the system, which 
is used three times per hour. Therefore the 5 gal. of fuel oil per 
hour is added to 180 tons of sand. Since not all of it is burned 
out, there must be a substantial reserve of oil in the sand at alli 
times. The foundry finds a definite improvement from the addition 
of the 5 qts. of fuel oil to the facing sand. This reduced the 390 
min. drying-out from 27.4 per cent to 23.4 per cent, which gives 
some measure of what constitutes an appreciable improvement. 


Table 13 


RATE OF DryING OF COMMERCIAL SYNTHETIC SANDS TO WHICH 
Or Is AppDED 


—— Moisture Loss, Percent —_ 
Time, min. 


Sand 30 60 90 120 180 890 
System Sand—5 gal. fuel oil 
added per ton 2.9 5.6 72 02 4A FA 
Facing Sand—Made from system 
sand plus 5 qts. of fuel oil 2.9 5.2 6.8 8.8 12.4 23.4 


25. Table 14 shows that steel foundry sands have a lower rate 
of Joss than malleable or naturally-bonded sands, despite their 
high permeability. This is due possibly to the cereal binder in the 
mixture. 


26. The malleable facing sand was satisfactory in use when the 
* No. 3 Fuel Oil, specific gravity 0.8 
** Based on weight of water added. 








948 THE DRYING OUT OF SYNTHETIC SANDS 


Table 14 


COMPARISON OF DryING RATE or VaRIoUS SANDS 


Per Cent Moisture Loss én 


Per Cent Tempering 390 Min., 
Clay Bounded Sand Addition Water Per Cent 
Fire Clay 3.5 34.4 
Southern Bentonite 2.5 32.3 
Western Bentonite 2.5 27.7 
Fire Clay Bonded 
Cereai Binder No. 1 10.0 3.0 26.2 
Sulphite Binder 10.0 3.5 22.3 
Lithium Chloride 0.5 3.5 27.7 
Southern Bentonite Bonded 
Cereal Binder No. 1 10.0 2.5 30.4 
Lithium Chloride 5.0 2.5 29.6 
Calcium Chloride 10.0 2.5 26.4 
Western Bentonite Bonded 
Lithium Chloride 2.0 2.5 23.9 


Malleable System Sand 
Containing Oil - 3.1 27.4 
Malleable Facing Sand 


Containing Oil — 3.3 23.4 
Steel Foundry System Sand — 3.1 20.0 
Steel Foundry Facing Sand 3.5 17.7 
Gallia Naturally-bonded Sand 6.0 21.8 
Sandusky Naturally-bonded Sand 5.0 23.9 


moisture loss was 23.4 per cent in 390 min., which meant that it was 
losing water at about the same rate as the naturally-bonded sands. 
Sinee the first three synthetic sands lost from 27.7 to 34.4 per cent 
moisture, it might be assumed that a substantial improvement is 
necessary. This does not take into account the fact that the original 
synthetic sands were made from silica sand and bond only, with no 
fines present, as is the case in a regularly used synthetic sand. 
Therefore, the condition is exaggerated and the test a severe one. 
It seems likely that the presence of fines would reduce the rate of 
drying-out about 5 per cent and that only a further reduction of 
2 per cent would be required. Many of the treating agents used 
accomplished this quite easily. 


SUMMARY 
27. The results of this investigation may be summarized as fol- 
lows: 


1. Several addition agents were used which appreciably re- 


duced the rate of drying-out of synthetie sands. 
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2. A comparatively small reduction in the rate of drying-out 


is of appreciable benefit. 

3. Naturally-bonded sands lost more water in any particular 
time, but the percentage of moisture loss was lower than for syn- 
thetic sands because of the higher quantity originally present. 

+. Fuel oil additions did not appreciably reduce the rate of 
drying-out in experimental work but are of value in commercial 
use. Sands treated with fuel oil felt wetter than was actually the 
case and were more workable. Since the chief disadvantage of 
dry sand is that it is brittle, oil additions may be of value in that 
they increase resilience and workability. 


DISCUSSION 


Presiding: L. B. KNIGHT, National Engineering Co., Chicago, III. 

Co-Chairman: F. L. WEAVER, Great Lakes Foundry Sand Co., De 
troit, Mich. 

M. E. GAntTz!: Did the author ever do any work on checking how long 
these sands could be regenerated? That is, whether or not, when mulled 
up the second, third or fourth time, they would achieve about the same 
physical properties? 

Mr. DuNBECK: No, we have not done that but we have speculated 
about it. The sand, back from the face of the mold, will not reach any 
particularly high temperature. If it does get warm, it probably would be 
of benefit. It would drive the moisture from the lithium chloride and 
make it more effective. We think it would regenerate. 

Mr. GANTZ: We have done a certain amount of work in our plant 
with some of these electrolytes with something of the same thought in 
mind, and we have had the experience that, by the addition of the elec- 
trolyte, the sand feels drier and it becomes necessary to carry a higher 
moisture content to satisfy the foundry and the molders that the sand 
has been tempered properly. Is that true? 

Mr. DUNBECK: We found that to be true to some extent on some ma- 
terials. That is one thing that inclined us towards fuel oil, if it could be 
used, or one of the sulphite pitch binders, or something of that sort, 
because we did not notice any dryness in such sands. The sulphite binder 
made it feel definitely wetter. Another reason why we like the sulphite 
binder is because other chemicals will reduce the sintering point, but 
we do not believe sulphite binders will have any effect on sintering. 

Mr. GANTZ: Sintering does not affect us. Keeping the moisture at a 
minimum and keeping it workable is important. 

CHAIRMAN KNIGHT: Did you make any check on the corrosive action 
of these chlorides? Your lithium chloride very definitely will ruin the 
hoppers and mechanical equipment. 

Mr. DUNBECK: I expect that is true. We do not like these chlorides 








1 American Magnesium Corp., Cleveland, Ohio. 
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them at some length because we thought they would teach us something. 
but I am not much inclined to use them myself. 

CHAIRMAN KNIGHT: When you mentioned your percentages on the 
drying-out of the sand in the box, did you test all the sand or just test 
the surface of it? 

Mr. DuUNBECK: No, we mixed it all. That means the surface was 
dried, the balance was not and the test result was the average. 

There is one thing that is not brought out in any of these percentages, 
namely, the fact that when a high percentage of lithium chloride is 
used, a very great improvement is shown. We talk in percentages, but 
in actual use, when the sand is made up with no treating agent in it, 
the surface is perfectly dry in one hour. When as much as 10 per cent 
lithium chloride is used, which was mentioned as being very effective, 
the surface of that sample is still perfectly damp and moist after 22 
hours of standing in the open air. The lithium chloride is remarkable 
for keeping the sand moist. 

H. H. FAIRFIELD*?: I would like to mention temperature in connection 
with these synthetic sands. The drying-out is a function of temperature. 
Sometimes it takes place over a fairly short period. Have you investi- 
gated the effect that fairly high temperatures have on the compounds? 

Mr. DUNBECK: We have not studied the effect of temperature. We 
realized that temperature and humidity were so important that all 
these tests were conducted in a room at constant temperature and con- 


stant humidity. We eliminated those variables in an attempt to get at the 
basic facts first. I do not think there is any doubt that the higher tem- 
perature will cause a much more rapid drying-out. 


MR. FAIRFIELD: But would the results be comparable if the tests were 
run under the same conditions? 

R. L. CLELAND, JR.°: Don’t you think that it is worth while to men- 
tion the fact that if we reduce the vapor pressure, we increase the 
tendency of the sand to pick up moisture in a damp atmosphere at the 
same time? While these chlorides may serve to keep the sand from dry- 
ing out, they also will increase the tendency of the sand to pick up water 
and it may become unworkable if too much lithium or calcium chloride 
is used. 

Mr. DUNBECK: I think it is possible. We are skeptical about the sand 
becoming unworkable. In the case of skin-dried or air-dried molds, it 
would make the sand hygroscopic, which might be quite undesirable. 

Dr. H. Rigs‘: Although Mr. Dunbeck has said he does not like 
chlorides, I would like to ask him if he tried sodium chloride as well as 
calcium chloride. The reason I ask is because experiments which have 
been made on mixing both of these chlorides with samples of the same 
clay have shown that the clay which had sodium chloride in it lost mois- 
ture at a less rapid rate than the clay which had the calcium chloride 
in it. 

. 2 Mines and Geology Branch, Canadian Department of Mines and Resources, Ottaws, 
| Bestern Clay Products, Inc., Philadelphia, Pa. 

4 Technical Director, A.F.A. Foundry Sand Research Committee, Ithaca, N. Y. 
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Mr. DUNBECK: No, I did not try that. It seems incredible. I accept 
your statement of fact, though. 

RUSSELL MANLEY®: We have found that the sintering point of the 
sand is directly related to the fusion point of the clay. The addition of 
calcium or lithium is going to affect the fusion point of the clay tremen- 
dously. We can take silica sand, which has a fusion point of about 
3100°F. or better, and by the addition of lime, soda ash, feldspar, etc., 
make a glass with a fusion point of a little better than 2000°F. 

Mr. DUNBECK: I doubt that these chlorides will affect the fusion point 
for this reason. Toward the latter part of this work, we found that ad- 
ditions of as little as % per cent of lithium chloride was effective, with 
2% per cent of clay present. So the amount of flux we are putting in 
the sand is % per cent of 2% per cent and that is probably a lot less 
flux than we find naturally in a good many clays that are being used 
successfully. However, in any careful measurement, that should reduce 
the sintering point. Now if we start with % per cent and these chlorides 
regenerate so we are able to drop them to % per cent or % per cent, 
maybe they will work successfully. 

Mr. CLELAND: In actual practice with calcium chloride in the sand, 
there was no increase in sintering or burning. It was easier, if anything, 
to clean castings with about 1 per cent calcium chloride in the sand. 

Mr. MANLEY: With what kind of clay? 

Mr. CLELAND: Southern bentonite. We had 0.8 per cent of calcium 
chloride in the sand mixture. The combination of kaolinite and goulac 
strongly resists drying-out. At the same time, kaolinite and goulac give 
the hardest air-dried skin we have ever seen and gives it very quickly. 
The sand beneath the surface will hold its moisture for a long time; 
the skin seems to form a seal. 

Mr. GANTZ: We have been carrying some of these electrolytes in the 
heap for some time and we have found that the ability of these elec- 
trolytes to precipitate the clay or to reduce the colloidal condition and 
decrease the efficiency of the binder over a long period of time, is not to 
be underestimated. Of course, we carry the electrolytes in higher per- 
centages than you can use. 

Mr. DUNBECK: How high? 

Mr. GANTZ: We have gone up to about 15 per cent of the clay, and 
we use the electrolytes for other purposes, too. I have noticed that these 
chlorides reduce the green strength of the sand very materially. 

CHAIRMAN KNIGHT: Does the flowability of that sand decrease? 

Mr. GANTzZ: No. We get an increase in flowability with our machine. 

CHAIRMAN KNIGHT: Does it get a gummy “feel”? 

Mr. GANTZ: No. It gets a sharper “feel,” rather than a gummy “feel.” 

Dr. Ries: Did you mention the percentage of electrolytes in that clay? 

Mr. GANT2Z: I said about 15 per cent of the clay. 

Dr. Ries: That is a pretty good amount. 

Mr. GANTZ: Yes. We allowed the electrolyte content to decrease very 
much, but they are the most effective treating agents. We went into 


5 Manley Sand Co., Rockton, Ill. 











952 fue Drying Out or SYNTHETIC SANDS 


considerably, and we stopped analyzing for it, but for at least 3 weeks 
after the electrolyte additions were stopped, the reduction in green 
strength was still noticeable. 

Co-CHAIRMAN WEAVER: I! would like to suggest that, for rapid mold- 
ing, what seems to be relatively slight improvement might be of great 
benefit for that class of work. On the other hand, in slower molding, 
say 6 hrs. (From Table 1), just by a simple calculation, subject to cor- 
rection by Mr. Dunbeck, I would think that even an arbitrary 20 per 
cent slower drying time would only represent 1 hr. and 12 min. in the 
difference between a treated sand and an untreated sand; and from the 
same Table, a 1-hr. drying time would only represent 8.4 minutes’ dif- 
ference in drying-out of treated sand (lithium). In using the 20 per 
cent suggested improvement in a storage pile of facing sand, while the 
surface no doubt was pretty weil dried out, the average of the entire box 
showed the improvement as suggested. 

CHAIRMAN KNIGHT: Did you make any checks on the drying-out of 
the surface with the sands containing the cereal binder, and the sulphite 
binder, as compared with the entire mass? 

Mr. DUNBECK: It is a little difficult to rely on observation on those 
things and our opinion may not be valuable, but in the case of the cereal 
binder, the appearance was that of a rather pronounced drying-out, 
although the results contradicted it. In the case of the sulphite binder, 
one could see that the surface appeared still moist. Those sulphite bind- 
ers are very interesting. I do not think they are going to injure any 
property of the sand, except that they may raise the dry strength. In 
some cases, it would be advantageous and in other cases, probably a 
disadvantage. 

MEMBER: The electrolyte would retain the moisture and sulphur. 
Would that interfere with air-drying processes of those sands? 

Mr. DUNBECK: Yes, I think it would. 

MEMBER: That is one thing that would throw us off. We like to have 
a high air-drying strength to handle molds better. 

Mr. DUNBECK: I think you would have an almost impossible condi- 
tion if you want sand that will air-dry fast but still stay workable while 
you patch it. You have to shoot for either one or the other. 

MEMBER: In your case, you mentioned that the sand held moisture 
after 30 hours. 

Mr. DuNBEcCK: That is true. A very large addition was used. 
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Report of Survey on Foundry Instruction in 
Engineering Schools 


In a letter addressed to the deans of engineering schools, the pur 
pose of this survey of foundry instruction was stated as follows: 

‘‘The ever growing demand for technically trained men in the 
foundry industry has prompted the AMERICAN FOUNDRYMEN’S As 
SOCIATION to make a survey of the engineering schools of the coun 
try to study what is being done to interest young men in becoming 
foundry engineers. This survey is the beginning of an activity 
which is being conducted with the hope that: 

‘*1. The schools will become more conscious of the foundry in 


dustry’s needs. 





‘*2. The schools will be informed of the most modern type of 


foundry instruction. 

‘3. More engineering graduates will be inspired to enter the 
foundry industry. 
Laces .... It is our purpose further to stimulate greater in- 
terest in foundry engineering as a profession among college stu 
dents by providing information on the needs of the industry. In 
another activity of this Committee, through the A.F.A. chapters, we 
are endeavoring to bring about closer cooperation between the 
foundry industry and the colleges. By virtue of the local interest 
of each chapter, we believe this can be done better than through this 
committee alone.’’ 

The questionnaire which accompanied the foregoing letter fol- 


lows: 


Table 1 
(QUESTIONNAIRE ON FOUNDRY INSTRUCTION IN COLLEGES FOR TH! 
COMMITTEE ON COOPERATION WITH ENGINEERING SCHOOLS 
OF THE AMERICAN FOUNDRYMEN’S ASSOCIATION 


1. Jn what department is foundry practice taught? 


2. Education and experience of each foundry instructor: 

(a) Degree 1 9 } 4 

(b) Title 1 2 3 4 

(c) Years of practical experience l 2 } 4 

(d) Years of teaching experience 1 2 3 4 

(e) Consulting work l 2 3 4 
Ce; aes, Se ee 
| Te eee ee Fe 


Note: This report was presented before the Foundry Industry and Engineering Train- 
ing Session of the 46th Annual A.F.A. Convention, Cleveland, O., April 22, 1942. 
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Proportion of students receiving elementary foundry training: 
(a) (b) : 

Course Required Elective 
All 

C.E 

M.E 

E.E 

Ch. E 

Met. E. 


Advan ed foundry) reg uired: 
7] 





Yes No... What Curricula? 
Elective 
Yes ae What Curricula? 


Number of students given foundry instruction: 
1938-39 1939-40 1940-41 

Elementary Course 

Advanced Course 


Number and type of (semester or quarterly) credits in foundry 
courses: 

Lecture Recitation Laboratory 
(a) Elementary Course 
(b) Advanced Course 


Number of graduates who chose foundry engineering jobs: 
1941. 1935-1941.... 


Instruction given in: 


Yes Vo 
(a) Pattern design 
(b) Patternmaking 
(c) Molding 
(d) Core making 
(e) Sand control 
(f) Metal control and testing 
(g) Casting defects 
Research work performed: 
Yes No 


(a) By staff 
(b) By students 


Attendance of foundry staff at technical A.F.A. meetings: 


fe eee PO eee eee ) 
(b) Regional . Ce Cee BO 6a + ie ose sw i eeeencanaeees ) 
(c) Chapter . (Number of meetings attended during 1940-41 
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11. Are any A.F.A. publications used regularly as textbooks in teach- 


ing? 

(a) Design 

(b) Patternmaking 
(c) Foundry work 


12. (a) Name of Institution: 
(b) Name and title of person answering questionnaire: 


Table 2 
TABULATED RESULTS OF SURVEY 
No. of Questionnaires 
Sent Out 140 
Returned with Data 35 
Returned, Showing No Foundry Courses Offered 20 
Not Returned 85 





1. Departments in which foundry practice is taught: 


Mech. Engrg. 
Shops 
Ind. Engrg. 


Mat. or Metal Proc. 


Met. Engrg. 
Gen. Engrg. 
Not listed 


No. of Schools 


~] to 


for) 


18 


(a) Degree 
Ph.D. 
M.E. 
M.S. 
B.S. 
B.A. 
Ind. Arts 
None 


(b) Title 
Prof. 
Assoc. Prof. 
Asst. Prof. 
Instructor 
Asst. 
Not listed 


No. of Schools 
18 
6 


— es DD OO 


4 


2. Education and experience of each foundry instructor: 


No. of Instructors 
4 


m™ PO CO 


No. of Instructors 


11 


No. of Instructors 
1 
7 
10 
27 


9 
vw 


16 








ODI 


Y earea PP? 


Over 25 


20 to 25 


10 to 20 
5 to 10 

2 to 5 
Less than 


Consulting wo 


5 NVumbe ) of schools 


ai 
Courses 


M.E. 
E.E 

Chem. 
Ind. Engrg. 
Aero. Engrg 
Met. 
C.E. 
Petrol. 
All 


(a) 


Engrg 


Engrg. 


E. 


| Vumbe 

(Courses 
M.E. 
Aero. E. 
Ind. E. 
Met. E 
All 


(a) 


». (a) 


No. of Students 
Over 400 
300 to 400 
200 to 300 
100 to 200 
50 to 100 
Less than 50 
Total 


(b) 


No. of Students 


200 


50 to 100 


25 to 50 


Less than 25 
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14 


Done by 


O 


nstructors with 


act cal Ex pe 


rience 


14 instru 


INSTRUCTION 


N FOUNDRY 


Instructors with 
Teaching Experience 
5 
10 
10 
11 
14 
6 


ctors 


ng elementa y foundry training ? 


Required 


Required 
4 


o 


1 
] 


1938-39 
] 
4 


10 
5 
8 


5597 





1938-39 
] 
l 
4 


by 


by 


(b) Elective in 


10 


of schools giving advanced foundry training: 


Elective in 
4 


(b) 


Number of students in elementary courses: 





No. of Schools 

1939-40 1940-41 

1 1 

3 6 

9 5 

8 10 

6 4 

8 9 
5592 5880 


No. of 


1939-40 


l 


Number of students in advanced courses: 


TN 
1940-41 
1 


~ 
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6 Hours per term: 


Elementary Course 


Hours Lect. Rec. Lab. 
1 21 3 2 
2 2 2 13 
3 3 0 R 
4 0 0 6 
6 0 0 2 


Number of graduates 
1941: 34 
1935-41: 


oe 
26 


8. Instruction given in 


Vo 
(a) Pattern design’* 
(b) Patternmaking”* 
(c) Molding 
(d) Core making 
(e) Sand control 
(f) Metal control and testing 
(g) Casting defects 


9. Research work performed: 
(a) 
(b) 


By staff—14 instructors 
By students—9 schools 
10. 


(a) National: Years 


(b) Regional: 


(c) Chapter (during 1940-41) : 


No. of Meetings 


> © 


« 


4 


© 
12 


* Two schools had separate courses in pattern design and patternmaking 


who chose foundry 


; 
j 


Advanced Course 


Lect. 
yg 


0 


School s 


or 


No. 


No. 


No. 


eng ineeé ring jobs . 


of 





957 


Ree. Lab. 
2 l 
1 9 
0 4 
0 4 
0 0 





Number of instructors attending A.F.A. meetings since 19385: 


Instructors 


> ore i 


of Instructors 


] 


— tt 


of Instructors 
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11. A.F.A. publications used as texts or reference: 
—No. of Schools—, 
Publication Text Reference 
Cast Metals Handbook 2 1 
Testing and Grading Foundry Sands and Clays 1 
The Microscope in Elementary Cast Iron Metal- 
lurgy Preprint 38-3 
All publications 


CONCLUSIONS 


In looking over the returns from the various schools, there are 


several general conclusions which might be made. 

1. The Department of Mechanical Engineering in most schools 
teaches foundry. This will require that the instructors make special 
efforts to acquaint themselves with the metallurgical aspects of the 
industry. Opportunity should be afforded the staff to study in this 
field. 

2. There are many schools where the number of students per 
instructor is too great. This condition would indicate that many 
courses are still of the shop type, rather than of the engineering 
laboratory type. 

3. There is too much emphasis placed on molding, core making 
and making castings instead of on the science or technology of 
foundry practice. 

4. There is still room in most schools for more men of faculty 
rank to teach foundry work. This recognition is essential if proper 
instruction is to be given. 

5. It would be advisable for more staff members to participate 
in research and consulting activities. 

6. A survey should be made in each school to see if all required 
to take foundry courses actually need to. This might help decrease 
teaching loads. 

7. The appearance of many courses in advanced foundry prac- 
tice 1s encouraging. 

8. While the committee feels that the number of graduates who 
are working in the foundry industry is greater than this survey 
would show, there are still too few when we consider the total num- 
ber of men who have taken advanced foundry work in school. Some 
responsibility here lies with the industry itself. 

9. The attendance of the foundry instructors at regional, chap- 
ter, and national meetings should be much improved. 
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DISCUSSION 


Presiding: F. G. SEFING, International Nickel Co., New York, N. Y. 

J. F. OESTERLE!: The low figure given for the percentage of students 
accepting jobs, or finding jobs in the foundry industry, is not a reflection 
upon the interests of students as much as it is upon the ability of the 
foundry to absorb them. This low figure is not in entire agreement with 
the fact that we are keeping pace in our education with development in 
the industry. I think that we in education are far ahead of the industry. 
As a whole, it is not, as yet, ready for, nor does it know how to use, a 
graduate engineer, but I do think a need for them is developing, and it is 
encouraging to note that we get inquiries. 

Progress is slow in our efforts to sell the foundry industry on college 
graduates. There are many obstacles to overcome before we will be per- 
mitted to demonstrate that we have a place. The old-timer foundryman, 
who has done an excellent job and brought the industry a long way, is 
reluctant to hand over responsibility to technical graduates even though 
modern technology lies beyond his grasp. Foundry conferences are doing 
much to pave the way. Old-timers, through their college trained sons, 
have broken a lot of ice. The AMERICAN FOUNDRYMEN’S ASSOCIATION has 
aided tremendously. Perhaps we are looking for the answer too soon. 

CHAIRMAN SEFING: What Prof. Oesterle has said touches on one of 
the main problems of this Committee on Cooperation with Engineering 
Schools. Maybe the name of the committee should be changed to denote 
cooperation with the foundries rather than with the schools, because 
the schools are cooperating, and I think that is a very pertinent point. 


1 University of Wisconsin, Madison, Wis 
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C. J. FreuNpD?: I think too, in accounting for the number of men that 
go into the industry, the records will not show boys who are employed 
by a large corporation, and who may afterwards get into the foundry 
division of that corporation. 

P. E. KyLe*: Would it be fair to make some survey of the foundry 
industry itself to find out how many men they have employed? That is 
such an important factor for this work. I agree with everyone that we 
cannot find the records at the schools as complete as we should have 
them. Perhaps some survey through the industry itself would help. 

CHAIRMAN SEFING: That is a very good point. 

BRUCE WHITING': We have taken two graduate engineers who have 
both gone into other work, one a metallurgist and one a mechanical engi- 
neer, and they are doing a very good job. 

R. E. WENDT’: Several of the students I have had have gone into the 
foundry directly, but most of them are going in with manufacturers of 
foundry equipment. 

2 University of Detroit, Detroit, Mich. 

Massachusetts Institute of Technology, Cambridge, Mass 


{ Michigan Stee! Casting Co., Detroit, Mich. 
5 Purdue University, West Lafayette, Indiana 











ni Aialline iy Ps ances ts 











fo. weet el npn 





The College Graduate Looks at the Foundry Industry 


By C. J. Freunp*, Detroit, Micu 


Abstract 

In this paper the writer tells of a survey made by him- 
self and professors from two other engineering schools 
among engineering seniors regarding their views of the 
foundry industry as a career. The results were exceed- 
ingly enlightening and showed that foundry executives 
are largely responsible for not visioning the possibilities 
of their industry to the engineering school student and 
staff. The writer discusses the circumstances and condi- 
tions which have caused these reactions, urging the found- 
ry industry to become active in competing. for the serv- 
ices of engineering graduates. He further advocates a 
change in the attitude of the instructor in charge of 
foundry instruction and states that the industry offers 
many opportunities to the engineering graduate as a 
career. 


1. Many here doubtless attended the college training session 
at the Chicago Convention of this Association two years ago and 
remember the young man who met with us and who wanted strong- 
ly to work in a foundry but could not find a job. He was intrigued 
by foundry technique. He had completed all the undergraduate 
foundry courses he could get in the University of Minnesota, and 
had gone on to a master’s degree in foundry technology. He wished 
to make the foundry his life work, and applied for employment in 
practically every foundry in the midwest, but nobody wanted him. 
He made a splendid impression upon all of us. Recruiting officials 
of the power, chemical, telephone and automobile industries fight 
over men of his type, but he could not beg his way into a foundry. 

2. It seems to me that the case of this young man just about 
tells the story. With notable—and most occasional—exceptions, 
foundrymen are little interested in college trained men. While 
personnel officers of General Motors, Westinghouse, Standard 
Oil, Pratt and Whitney, General Electric and many other corpora- 


* University of Detroit, College of Engineering. 
Note: This paper was presented before the Foundry Industry and Engineering Train- 
ing Session of the 46th Annual A.F.A. Convention, Cleveland, O., April 22, 1942. 
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tions come to the University of Detroit, and to other institutions, to 
hire graduates, nobody has come to the University to hire for a 
foundry, neither this year nor any other year. 


STUDENT VIEWPOINT 


3. In order to determine if all this is more than superficial im- 
pression, and in order to find out just what the college graduate 
sees when he looks at the foundry industry, we decided to ask him. 

4. With the help of Professors A. H. White and Hawley of the 
University of Michigan, Dean H. B. Dirks and Professor G. W. 
Miller of Michigan State College, and Professors Duncombe and 
Linsenmeyer of our own University, we got in touch with 185 metal- 
lurgical and mechanical seniors of this year in the three institu- 
tions, believing that would be a representative sample. The three 
schools are, respectively, a strong state university with a national 
clientele, a strong land grant college with an important out-state 
clientele, and a private, urban school with a metropolitan clientele. 
In addition, Michigan is an important foundry state. 

30. We asked the boys three questions. 

(a) Have vou ever considered a career in the foundry indus- 
try? 

One hundred forty-five out of 185 seniors, or 78 per cent, had 
never thought even for a moment about a foundry career. 

(b) Why have you, or why have you not, considered a found- 
ry career? 

The following answers are typical : 

(] ‘‘It seems that foundry work requires more practical ex- 
perience than anything else, and a technically trained man would 
have less opportunity than one who worked his way up.’’ 

(3) ‘‘Our foundry course is a laboratory course, not an intro- 
duetion to a career. It is accepted by most students as one more 
required course. It introduces a student to manual labor methods, 


(2) ‘‘No foundry jobs were offered to us.’’ 


and they are not important for him.’’ 
(4) ‘‘I never saw any literature about. the foundry industry.’’ 
(5) ‘*The industry seems still to be run by the old practical 
men with no regard for modern engineering methods.”’ 
(6) ‘‘I don’t care for all the dust and dirt.’’ 
7) And, over and over again, simply ‘‘I’m not interested. ’’ 
ec) Do you know as much about requirements and oppor- 
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tunities in the foundry industry as you know about the 
requirements and opportunities of the electrical, manu- 
facturing, utility, automobile, aireraft, chemical, ete. in- 


9? 


dustries ! 
One hundred sixty-one out of 185 seniors, or 87 per cent, an- 
swered ‘‘No.’’ 


6. With these viewpoints it seems that perhaps the title of this 
address ought to be rather ‘‘The College Graduate Does Not Look 
at the Foundry Industry.’’ 


CIRCUMSTANCES AND CONDITIONS 


7. Of course, all these reactions do not result primarily from 
the indifference of foundrymen, but result, in a large part, from 
unavoidable working conditions in the foundry industry. 


8. In the American college, the student becomes used to a rea- 
sonably comfortable mode of life. Furniture in the dormitories and 
halls is good enough. Ventilation, lighting and heating are better 
than in most homes. Although there are very many more college 
students than there were twenty years ago, the college student still 
belongs to a selected class, an elite, and he instinctively knows it. 
He looks forward to a career of business or professional type, to be 
spent in an atmosphere of clean windows and corridors, and good 
furniture in a handsome office. He thinks these are the heritage of 
his education. They may not be essentials, but they stand out 
sharply when a young man is thinking about his life work. 


9. The foundry, on the other hand, cannot be comfortable or 
elegant. In spite of great progress, a foundry is still a noisy, hot, 
dusty place. It will be a long time before a melting platform or a 
pouring floor looks like a broker’s office. The boys cannot be 
blamed much for not rushing into the foundries. The industry 
does not have the slightest appeal except to a few students of metal- 
lurgy, and to still fewer students in other fields who take a certain 
pride in being rugged and tough, the sort who go into seafaring, oil 
producing, mining and the like. 


10. Foundrymen who wish to enjoy the advantages of college 
training in their plants will need to bestir themselves because shop 
conditions in their industry are a severe handicap in comparison 
with other industries which compete for college graduates. Found- 
ry indifference toward colleges is surely to no purpose. 
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Tue PLACE oF THE COLLEGE MAN IN THE INDUSTRY 


1] Perhaps we are taking too much for granted. After all, is 
there a place for the college man in the foundry craft? Before 
getting disturbed about college graduates in the foundries, we might 
well inquire if they belong there 

12 We believe there 1s important work for the college trained 
man to do in the foundry, apart from the field of metallurgy. He 
has accomplished marvelous results in metallurgy and furnace 
operation by careful and intelligent instrument work and measure 
ment, control of temperatures and fuels, precise analysis of mate 
rials and systematic recording of data. Why should he not accom 
plish as much on the foundry floor? Molding, coremaking, clean 
ing are still to a large degree on a trial and error basis. 

13. Some years ago, in the annual apprentice competition of the 
AMERICAN FOUNDRYMEN’S ASSOCIATION, two contestants each made 
perfeetly acceptable castings. One had more than half the weight in 
risers, and the other had no risers at all. Both were employed in well 
known and reputable plants. This variation in practices happens 
not merely in molding but in practically all foundry operations 
What a happy hunting ground for a resourceful, enterprising 
young engineer! 

14. Of course, the college man must acquire work habits and 
skills for which college studies are no direct preparation. For one 
thing, he must learn to think quickly. He must make instinctive 
and instantaneous decisions, like the decisions made in emergencies 
by masters of vessels, bosses of timber crews and chiefs of power 
plants. Such decisions are based on experience, not on intellectual 
analysis. When a mold runs out or a nozzle freezes, there is no 
time to undertake a research to determine what to do. The boss on 
the floor must know what to do and must do it right away. 

15. In Time, for March 23 of this year, there is an excellent de 
scription of men of this type: ‘* With dog-eared note-books, pencil 
stubs and know how, they work out production problems that no 
textbook could solve. They do not come ready-made ; they have 
to grow up with the machine.’’ It takes years of experience to pro- 
duce such men, and the young college graduate does not always 
have years of patience. 

16. I once knew a young man who began to learn the foundry 
business from the bottom up. He had A. B. and M. E. degrees. He 


learned something about molding, coremaking, cleaning castings, 











C, J. FREUND 965 


pouring, oven operation and melting, the building aud maintenance 
of furnaces. But after two years of labor he felt that he had bare- 
lv made a start and he saw years of preparation still ahead of him. 
Just then he was asked to become assistant to the plant engineer, 
and to nobody’s surprise, he accepted. 

17. In spite of these obstacles, there is still room for the college 
man on the foundry floor. The very circumstances which tend to 
keep him out of the foundry constitute his greatest opportunity 
He objects that operations are on a rule of thumb basis. They are, 


largely, but who can standardize operations better than he can? 


Wuat to Do Apsout Ir IN THE COLLEGES 


18. Now, what is to be done to attract more college men into 
the industry? First of all, foundry instructors in the colleges 
could rather easily give to foundry technique a greater scientific 
color and character. We may be mistaken, and we recognize many 
foundry instructors who are most progressive, but perhaps too 
many instructors have failed to change with the times. Thirty 
years ago engineering inclined toward the practical. Engineers 
aml engineering teachers scoffed at theory, and master’s and 
doctor’s degrees. But theory and science have suddenly become 
most important, and engineers have taken them seriously or have 
fallen hopelessly behind their more alert fellows. Some of the 
foundry instructors have not seen the light. Their courses are still 
emphatically shop courses. They still wink at each other when they 
hear the word ‘‘theory.”’ 

19. The instructors of this type must change their methods. 
They must get busy with research in foundry technique; in gating 
and risering, for instance. They must study, investigate and pub- 
lish. Operations must be standardized, and they can be. Convine- 
ing proof is, for instance, the handbook on cutting metals of the 
AMERICAN Society oF MECHANICAL ENGINEERS, and the design 
data published for all airplane manufacturers by the Civil Aero- 
nauties Authority 

20. Military techniques have been thus standardized. In the last 
war, a number of New York police sergeants and a number of Texas 
Rangers joined an infantry regiment of which I was a member. 
They made fun of the Small Arms Firing Manual of the United 
States Army. Shooting was something, they said, which could not 
be learned from books; one learned to shoot by shooting. Before 
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long, however, the best shot in the battalion was a former professor 
of modern languages at Columbia University who had never fired 
a rifle in his life, but who carefully read what the manual had to 
say, and carried out the instructions to the letter. Foundry tech- 
nique ean be similarly organized. 

21. Most college foundry departments now lack dignity, and 
the students instinctively sense that lack of dignity; they do not 
respect the foundry laboratory, and they will not until they see in 
it more of science and scientific procedure. 


WHat To Do Apout It IN THE INDUSTRY 


29 If Amerizan foundryinen wish to enjoy the advantages 
which other industries have gained by introducing college tech- 
niques and college men, advantages which they themselves enjoy 
in their melting and metallurgical departments, they should begin 
by setting up graduate training programs for college men in their 
shops. These should be highly organized, not unlike the familiar 
apprenticeship or test courses in the larger manufacturing corpora- 
tions. Foundrymen must determine the content of such training, 
and organize that content as formally as a college curriculum. They 
must organize the method of administration and select the indi- 
vidual who will be in charge before the first young college boy is 
engaged. They must. determine which jobs in their plants may ad- 
vantageously be held by college men, and hire just enough college 
boys to fill the need, allowing for inevitable turnover, and no more. 

23. The program must be interesting and worth while. Forget- 
ting the college boy is fatal. He must be groomed, watched, en- 
couraged, talked to. Sometimes foundrymen hire a college graduate 
or two and promise to break them into the business. The boys may 
start out running stock core machines. Nine months later the boys 
are getting dissatisfied and we go out to investigate. They are still 
running the stock core machines. We protest to the boss and he an- 
swers, ‘‘ They can work their way up. I did.’’ Yes, they ean, but they 
will not; not that slowly. Times have changed, and that particular 
boss, at least, had better revise his viewpoint and his methods. 

24. The boys must make just enough progress to maintain their 
interest ; and they must be paid enough to meet the competition of 
other jobs. 


Wipe OPEN FIELD 


25. In spite of its handicaps, the foundry has at least one great 
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vocational advantage, and that is its wide open character. One time, 
when I was still in the industry, a young man came and asked for a 
job in the foundry. He had just graduated in engineering at Dart- 
mouth. He was well dressed; his manners were excellent; he was 
clearly used to the finer things of life. He did not appear rugged 
enough to survive in the foundry, and I tried to persuade him to 
enter some other department of the plant, but he refused to con- 
sider anything else. Finally I said, ‘‘ But very few college men go 
into the foundry game.’’ And he answered, ‘‘I know that; it’s my 
point exactly. If I go into the foundry I will not have to compete 
for promotion and opportunity with half a hundred other college 
graduates who have had as good training as I have had. I should 
get on faster there.’’ That will be true for years to come, and it 
might interest others of our best young men. 

26. The foundry, with its rapid strides in engineering applica- 
tions—mechanical, metallurgical, electrical, management—to meet 
competition from similar developments in other engineering and 
industrial fields, provides the engineering graduate with oppor- 
tunities little realized by engineering students, their instructors, 
those in charge of engineering departments and the majority of 
executives in the foundry industry. 


DISCUSSION 


Presiding: F. G. SEFING, International Nickel Co., New York, N. Y. 

J. T. MACKENZIE, JR.': I agree with the speaker that probably the 
fault lies in the presentation of the subject by the colleges to the students 
and in the relative indifference of the foundry industry as a whole. I 
believe the industry has a real opportunity now, with the recent tremen- 
dous growth in the use of castings in the modern steel game and the air- 
craft field, to present itself not only to students but to the public at large, 
by showing what an important part it is now playing and what great 
progress has been made toward increasing the scope of the foundry in- 
dustry as a whole. 

The first point is the presentation of material to the colleges or to the 
college boys by the colleges, which has been covered fairly well. I be- 
lieve a foundry course should be not only a practice course but that we 
should try to get the colleges to lay a little more stress on related courses 
in the scientific aspects of the foundry which are many end varied. They 
are not stressed now because of the hitherto relative unimportance of 
the foundry in the tremendous presentation that all the colleges try to 
give, but I am sure it merits more attention now that it has been given 


1 Carnegie-Illinois Steel Corp., Pittsburgh, Pa. 
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in the past. With a sufficient education of both the public and the facul 
ties of the colleges, it might be possible to get engineering books, which 
now give one paragraph and sometimes two to the topic, to give it more 
emphasis. 

The second point is more in the nature of a recommendation. The rep- 
resentatives of various corporations, regardless of type, go around to the 
colleges not one but five and six months before graduation, or sometimes 
during the whole school year, not necessarily to recruit, but to say, “We 
are coming here next year. We have certain jobs open. We are looking 
for men, and if any of you are interested, we would like you to think 
about it.” The good engineers and the good metallurgists have offers 
for jobs in January and February before graduation. Sometimes they 
accept and then regret their acceptance, because the first job may not be 
the one they like best, but for the lack of the opportunity to choose, the) 
will take the one that offers the most money. If they knew that a rep- 


resentative of the foundry industry would come in a month or so to 
present certain opportunities, they would wait, whereas if the foundry 
representative waits until May or June, all the good boys may already 


have been taken. 

R. W. BisHop*?: I think that Dean Freund has obtained a good cross 
section of the college undergraduates’ opinion of the foundry indus- 
try. However, I believe that many students of metallurgical courses who 
have become even slightly familiar with foundry operations have a defi- 
nite interest in the foundry industry. There were at least four of the 
fifteen metallurgical engineering students in our 1941 graduating class 
who were interested in the foundry business. All of these men had had 
previous experience in foundry work. Consequently they were well aware 
of the unfavorable conditions of dirt and heat that exist in a foundry. De 
spite this they were sufficiently interested to discuss the possibilities of 
starting a foundry or getting a start in the foundry business. 

CHAIRMAN SEFING: Did all four of them get into the foundry busi- 
ness? 

Mr. BisHoPp: No. Two are directly connected with production and re- 
search on castings. The other two are engaged in other phases of metal- 
jurgical work. 

J. F. OESTERLE®: It has been said that most of the men in the found- 
ry are the sons of the owners. I think the reason this is true is more 
or less because these boys have been practically brought up in the found- 
ry. Vacation time contributed many opportunities for learning to know 
the foundry. 

This idea of breaking boys in gradually should suggest an opportunity 
for the average foundry. They could take in half a dozen boys at the 
end of their junior year in school and find something for them to do dur- 
ing the summer. There are many jobs that they could do, and there could 
be no end of observation of how they did them. The likely boys could be 
pointed toward greater opportunities, and there are many boys who 


- Union Carbide and Carton Research Laboratories, Niagara Falls, N. Y 
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would like to hear at the end of such a summer, “When you graduate, 
we have job for you, if you want it.” 

MEMBER: Along that line, at our company, we give all our employees’ 
sons jobs for the summer. During the depression, we could only take the 
boys who were in college, but ordinarily we take the boys who are grad- 
uating from high school. 

Boys working their way through college are allowed to work 4 hours 
a week during the school term at our plant, and we have quite a few do 
ing it. We usually keep 4 or 5 of them in the laboratory and testing de- 
partment, and the shop usually keeps 4 or 5 such jobs, so that we nearly 
always have 8 or 10 young men going to the local colleges, and, at the 
same time, getting a real apprenticeship in our shop end learning our 
way of doing things. By the time they graduate, they feel that they be- 
long to the organization. As a matter of fact, most of them do go right 
to work. 

CHAIRMAN SEFING: The young men who become associated with your 
organization in that wey sense the interest that everybody has in them 
as individuals, and that is one of the reasons why they are anxious to 
get into your shop. 

Another important point is that of a college foundry making cast- 
ings. No matter how much effort is put into it, the student learns ver) 
little about making good castings. By deliberately making poor cast- 
ings, and having them as examples of why the sand has to be rammed 
up uniformly, why the moisture content has to be at this level, why the 
gates have to be so large and be at this particular spot, etc., he learns 
the rules which govern foundry practice. There is a lot of opportunity 
in that direction. 

PROF. OESTERLE: I would like to emphasize what Dean Freund has 
said. I understood from his paper that there is a lack of cooperation 
between industry and technical schools. Four years ago a professor of 
mechanical engineering, who had supervision over the foundry depart- 
ment, told me they were dispensing with their foundry in favor of a 
hydraulic laboratory because there was no demand on the part of the 
foundries in their district for graduates or for those who had had found- 
ry courses, whereas there was a demand for hydraulic laboratory grad- 
uates. 

In the same district there were many steel foundries catering par- 
ticularly to the railroad industries. The local A.F.A. chapter strove 
hard and succeeded in getting a night course in one of the loca! 
trade schools for apprentices or for men to learn something about the 
foundry industry. In other words, a course in college was apparently not 
a practical one. A lot can be done by the industry in the schools in try 
ing to find out the needs and satisfying them. 











Engineering Graduates in the Foundry 


By S. D. Moxuey*, BrrMINGHAM, ALA. 


Abstract 


The purpose of this paper is to discuss the place of the 
engineering graduate in the foundry industry. The author 
tells of the growth and progress of the foundry industry 
and its need for increasing numbers of young men with 
technical knowledge. He describes the training system 
used by his company and its advantages, stressing the im- 
portance of making provision in training programs of this 
type for young men who are not college graduates 


1. Just a few vears ago, the foundry industry was a relativel) 
small one. The shops themselves were small, and the personne! 
usually consisted of several good artisans who, by long years of ex- 
perience, had mastered many of the mysteries of the art. The shop 
was usually headed by a master craftsman, and perhaps a partner 
who was experienced in business. Little was known of metallurgy, 
and plain gray iron was the order of the day. There were many 
limitations in the art and these were recognized and accepted. 

2. In recent years, all of this has changed. Many of the mys- 
teries and trade secrets of the art which were then known to a few, 
have now been broken down and reduced to a science. The results 
of research work, which has been carried on continuously by thou- 
sands of workers in the industry, have been recorded, and, through 
our technical associations, this valuable information has been dis- 
seminated and made available to all. Great and diversified organ- 
izations are now built around the foundry, involving practically 
all of the sciences. The industry has become so highly mechanized 
that it employs all of the branches of modern engineering. So we 
find ourselves today, in a highly technical industry which is ad- 
vaneing on an ever broadening front. For this progress, we owe 
much to the automotive industry 


+ In the absence of the author, this paper was presented by W. T. Barr, American 
Cast Iron Pipe Co., Birmingham, Ala. 

* Chief Engineer, American Cast Iron Pipe Co. 

NOTE: This paper was presented before the Foundry Industry and Engineering Train- 
ing Sessi of the 46th Annual A.F.A. Convention, Cleveland, O., April 22, 1942. 
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NEED FoR TECHNICAL MEN 


3. Into this highly scientific and ever more exacting industry 
must flow increasing numbers of young men to serve their appren 
ticeships. They must equip themselves with the knowledge of the 
‘‘art’’ and project it into the future progress of the industry. 

$4. The purpose of this paper is to discuss the place the engineer 
ing graduate might take in this scheme of things. In such an indus 
try, men with a good working knowledge of the basic sciences are 
needed. The more technical knowledge a foundryman can put into 
practice, the more successful he is. Whether he gets this knowledge 
in college or elsewhere is immaterial, but if he is to succeed in the 
foundry he must have it just as surely as if he were working in the 
field of engineering, medicine or other professions. 

5. Our colleges are undertaking to give our youth a_ well 
rounded knowledge of the sciences needed in modern industry, and 
it ean be said that they are doing an excellent job. So it is only 
natural that a technical graduate, so schooled, should find a place 
in this highly scientific industry. Surely, he must enter as an ap- 
prentice’, as no college has yet undertaken the task of producing 
a graduate who is already trained for industry. Too often he has 
been expected to find his place more or less unassisted, and proceed 
on his own steam. As a matter of fact, he may need more guidance 
than a trades apprentice usually requires. 

6. The numerous studies and investigations in college have so 
broadened his range of interests, that it is likely to make it more 
difficult for him to find his place immediately. His shop training 
should follow as closely as is practical a prearranged schedule just 
as the work of any other apprentice is scheduled. Every effort 
should be made to ascertain his natural inclinations, as well as his 
physical and intellectual fitness for the work he is to learn. Close 
attention to the already established apprenticeship practices will 
prove invaluable in the training of engineering graduates. Too 
often this has been overlooked. 

7. It has been said that the foundry industry needs engineer- 
ing graduates, and that the industry should try to sell itself to 
them. Rather, we need to explain to these boys and the colleges 
whence they come, the scope of our work, the progress it has made 
and the opportunity which it offers to those who are willing to 
work and to continue their studies after leaving college. Once this 


lIn this paper the terms apprentice and apprenticeship are used in their broader 
meaning 
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is known, there will be little trouble in finding boys of the high 
est ealiber who are willing and anxious to meet all of the strenuous 
requirements of the foundry. In our experience, we have not found 
many of these boys who are looking for white collar jobs. Most of 
them prefer to work in the operating department, rather than in 
the office. They are prepared to do manual labor on any of the 
various shifts to which they might be assigned during their train- 


ne, 


APPRENTICESHIP PROGRAM FOR TECHNICAL GRADUATES 


8. The American Cast Iron Pipe Company operates an appren 
ticeship program designed for technical graduates and those young 
men who are more advanced in education, training and age. 


Nelection of Applicants 
9 This system is directed by a committee composed of five de 


partment heads. An applicant is interviewed by each member of 


this committee before being employed. In making the selection 
the committee usually gives equal weight to scholastic record, stu 
(ent activities, and personality, attempting to select young men 
who have the potential qualifications for supervisory work. This 
group comprises technical graduates in the various fields of engi- 
neering and chemistry, and young men in the plant who have shown 
exceptional qualities of leadership, regardless of their formal edu 


cation 


Training Schedule 

10. The schedule provides for short periods of service in the 
various departments of the company’s business such as production, 
metallurgical, research, engineering, personnel, sales, and mainte- 
nanee. The training period usually requires from 2 to 3 years for 
completion. The committee holds formal meetings to direct the 
schedule followed by each apprentice and to diseuss the progress 


he makes in each department. 


Advantages of Program 

11. This system offers those in authority opportunity to study 
the progress of each apprentice. It enables them to ascertain if 
the apprentice is suitable for the field of work in which we are 
engaged, and if so, for which particular phase of the company’s 
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business he is best suited. In other words, it is the practice of voea 
tional guidance by trial and error. 

12. This system offers the further advantage that, before enter- 
ing into one particular phase of the business and specializing in it, 
the student has had an opportunity to gain a good working knowl- 
edge of all phases of the business. Such experience gives him a 
better perspective of all departments of the business, and this re- 
sults in higher efficiency and better cooperation later on. 

13. This apprentice training program has been in operation 
for about 8 vears. We can see many beneficial results from the 
work that has been done. This system is used because it is felt that 
it suits the needs of our plant, but we would have no hesitaney in 
changing to another method which better suited our needs, should 
one come to our attention. 

14. It will be noted that our apprenticeship program provides 
for young men who are not college graduates, but who have shown 
exceptional qualities in their work. We think this important, as 
provision should always be made for the boy who could not get a 
formal technical education, but who is willing to make the necessary 
sacrifices on his own to get the technical knowledge required. From 
such boys our training program has developed some of our most 
capable young men. 


DISCUSSION 


Presiding: F. G. SEFING, International Nickel Co., New York, N. Y. 

CHAIRMAN SEFING: The American Cast Iron Pipe Company has been 
one of the leading companies in selling itself to young engineering stu- 
dents. One point brought out by the paper reminded me of the time ] 
decided to turn my interests to the foundry business. For the first few 
years after I came out of school, having taken a metallurgical course, I 
was working on steel problems, and I found the competition so terribly 
keen and myself so wholly inadequate to compete with that situation, that 
I decided to go into another field of metallurgy where there were not so 
many metallurgists. The opportunities are here, and the paper presented 
by Mr. Barr certainly shows what some of those opportunities are. 

C. J. FreuNp!: Are the college boys taking this foundry apprentice- 
ship course at the American Cast Iron Pipe Company of the same social 
standing as those who are taken from the colleges to work up into the 
engineering department proper? 

Mr. Barr: So far as I know, there has been no young man taken into 
our company to work directly into the engineering department without 
first going through this training period. There have been one or two 
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whose aptitude was very definitely toward the engineering department, 
and their work would be a little more concentrated in that field. They 
go through the same training period. 

MEMBER: There is a great deal of contrast between the report of the 
American Cast Iron Pipe Company and that of a certain company which 
has several large steel foundries throughout the United States. One of 
the personnel men of the latter company reported to me that only one 
out of ten of the men they get from cooperative engineering schools or 
technical schools who go through their training course really succeeds. 
I asked him whether it was the fault of the company or of the engineer- 
ing school. He thought that it was apparently their own plant because 
they had not worked out a good method of, first, selecting the men to 
suit the organization, and second, carrying through or keeping in close 
touch with the men. He said that he felt that the young men from tech- 
nical schools required still closer touch than the regular apprentices who 
have not even had high school education in many cases, Is there some- 
thing that can be done by the A.F.A. or the schools to teach industry 
how to handle the boys to the boys’ advantage? 

Mr. Barr: It would be hard to say why that particular company had 
trouble. We do think that no matter how important the first line super- 
vision feels this training program of college men is, if they cannot con- 
vince their departmental heads that it is necessary, whether or not they 
are college men, the boys are not going to gain from that departmental 
head the knowledge necessary to make their stay in his department 
worth while. 

We are fortunate in that all cf our departmental heads, those who are 
college men and those who are not, are completely sold on this idea of 
training college men. We attribute a great deal of our success to that. 
Of course, a lot is dependent on the selection of the boys. 

MEMBER: In selecting boys, do you use any aptitude or intelligence 
tests? 

Mr. Barr: I do not know of any such tests given to our young men. 
The system, as it is practiced at our plant, is not very definitely organ- 
ized. In some cases, the cooperating schools approach the plant. In other 
cases, the committee will send men to the schools in our district and other 
districts to interview graduating classmen. If they find a man or men 
who, they think, offer good material for our apprentice training course, 
these men are brought to our plant at the company’s expense. In the 
plant, they are interviewed by the entire committee of five men. While 
they are there, they have an opportunity to meet, talk to and impress, if 
possible, the higher supervision. 

J. T. MACKENZIE*: There are two things of fundamental importance 
in this success, one being the enthusiasm of the foremen all through 
the plant for the plan, based on the fact that we do pick out promising 
young men in the plant and encourage them to take International Corre- 
spondence School courses and to go through the same course that the 
college men are offered. Then there is the further safeguard that we 
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marek 4 


DISCUSSION 975 


have had for 25 years, namely, the policy of promoting our own men. 
If we want a superintendent, the last thing we think of is to go out and 
hire a superintendent. If we have not trained one of our boys to take 
that job, we feel very bad about it. So far we have succeeded in training 
the boys to take the jobs as they come along. 

CHAIRMAN SEFING: I would like to emphasize one point which Mr. Barr 
mentioned, namely, that his company sends someone to the schools of 
the vicinity to interview the graduating engineers. The foundry indus- 
try has to recognize from the very beginning that it is out after engi- 
neers, and that if it wants any of these engineers, it is in competition 
with all other engineering industries. These other engineering indus- 
tries have, for 15 years or more, gone out and made a regular survey of 
the schools of the district. Some of the larger companies take the best of 
the graduate engineers throughout the country. If we are going to get 
some of these first-rate engineers in our industry, we have to set up a 
mechanism by which we can contact the graduating engineers and sell 
our industry to them. 

There is another point I would like to make in the form of a question, 
“What proportion of the young men going into the foundry business find 
that they just do not like the smoke, dirt, sand, etc.?” When I was still 
teaching, some of the boys would mention that they were going to spe- 
cialize in metallurgy. One of the things that I insisted on then was that 
they would get a job during the summer working on a furnace at one 
of the plants near their home. If a man can go through a whole summer, 
being uncomfortable around a furnace and come out still wanting to be 
a metallurgist, he will probably succeed. There was quite a high propor- 
tion of these men who came back and took up something altogether away 
from engineering. It was a good thing that they found it out for them- 
selves as early as they did. 

Mr. Barr: Before coming to this meeting, we went over a blueprint 
which shows our entire plan on which we have listed the names of the 
young men who have been in a period of training and the departmental 
headings under which those men might work. Of the men listed, 60 per 
cent are still in the foundry. Some of the original group have shown 
much greater aptitude in engineering, sales, etc., and have progressed 
out of the foundry into the job for which they are better suited, but 60 
per cent are still left in the foundry. 


R. E. WENDT*®: When companies sent representatives to interview the 
engineering students, I inquired how many foundries asked to have col- 
lege graduates. I was informed that the foundries do not come around 
to ask for any college graduates. There does not seem to be any demand 
or request for college graduates from the foundry industry. 


CHAIRMAN SEFING: Part of the activity of the A.F.A. Committee on 
Cooperation with Engineering Schools shall be to work in the direction of 
exciting the foundries to sell their wares to the engineering students. We 
think we are doing a pretty good job in selling the importance of the 
foundry industry to the engineering schools. We are not going to let up 
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mn that activity, but we are certainly going to branch out into exciting 
a little more activity on the part of the industry itself. 

Mr. Moxiey (author’s closure): 1 have read with keen interest the 
discussion following the presentation of my paper. I believe Mr. Barr 
and Dr. MacKenzie have adequately answered the questions brought up, 
but at the risk of repetition, I should like to emphasize several points. 

Apparently, there is some question as to whether a college boy is will- 
ing to meet the strenuous work requirements of the foundry. In select- 
ing college boys for our company, we do not have a specific job or de- 
partment in mind. Our chief concern is whether or not the applicant 
is suited for our type of industry, and the work he does during the train- 
ing period in the various departments indicates and nearly always deter- 
mines the department or type of work to which he is best suited. We 
are never interested in a boy who is not willing to begin at hard work 
and on odd shifts, even though we may think his final destination will 
be the Engineering Department or so-called “white collar work.” 

In selecting the graduates, we believe that the judgment of five men, 
each coming from a different background in our business, is more prac- 
tical for our purpose than aptitude or other such tests which have come 
to our attention. 

It may surprise some to know that of more than 250 boys interviewed 
by the writer in a period of five years, less than half a dozen seemed un- 
willing to start out at hard work and at odd hours. Actually, they en- 
thusiastically accept the chance to get into the hard work of our training 
program. We find the boy not trying to dodge hard work but rather 
looking for it, if along with if he can see a program ahead that will lead 
to advancement based on merit. 
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